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ADVERTISEMENT. 


Mr.  WILKINSON,  Author  of  this  Work,  Informs  the 
Pabllc,  that  the  different  Galvanic  Apparatus  and  Instru- 
ments described  in  this  Work,  either  for  philosophical  or  me- 
dical purposes,  may  be  had  at  his  house  in  Soho-square,  on 
moderate  term^. 

N.  B.  A  Battery  consisting  of  fifty  three-inch  plates,  is  of 
a  sufficient  power  for  every  medical  purpose ;  and  one  of  thi« 
size,  with  the  requisite  Apparatus,  he  sells  for  Five  Guineas. 
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PART   IIL 


CHAP.  XIV. 

SucdnSl  account  of  the  Voltaic  pile-^Farious 
■  ^rious  and  interesting  experiments  made  with 
the  pile — Letter  from  Professor  Volta  to  M. 
DE  'LA  Metherie,  in  which  an  explanation  is 
given  of  the  prodii6lion  of  tlie  galvanic  pheno^ 
mena — The  theory  of  Volta  combated  by  tJie 
ingenious  Mr.  Nicholson,  ti;Ao  brings  forward 
several  experiments  to  prove  the  powerful  agency 
offluidsy  in  the  produBion  of  the  above  pheno-- 
mena — Improved  t/teory  and  doSlrine  of  Volta 
''^Report  made  to  the  French  National  Institute 
on  the  subjeSI  of  his  neio  experiments. 

A  T  the  commencement  of  \he  year  1 800,  Pro- 
fessor Volta  made  the  discovery  of  the  appa-' 
natus   which  has  been  denominated,  after  him, 
016  Voltaic  pile.     A  new  epoch  was  thus  formed 
in  the  history  of  galvanism  ;  and  it  will  be  seeti 
TOL.  if.  B  that 
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3      SUCCINCT  ACCOUNT  OP  THE  VOLTAIC  FILE. 

that  this  discovery  gave  rise  to  several  other 
important  ones,  which  are  principally  due  to  our 
learned  countrymen.  Among  those  who  have 
pre-eminently  distinguished  themselves  by  their 
galvanic  researches,  since  the  above  epoch,  we 
have  to  cite  Messrs.  Cruickshank,  Nicholson, 
Henry,  Davy,  and  Pepys;  The  inquiries  of 
Colonel  Haldane,  and  of  several  other  British 
philosophers,  are  also  highly  interesting,  and  will 
he  noticed  in  their  proper  placds. 

The  Philosophical  Transadlions  for  the  above 
year  contain  a  letter  from  Professor  VoltA,  in 
which  hb  gives  an  account  of  his  pile,  and  of  a 
variety  of  curious  experiments  made  with  it.  As 
it  is  the  intention  of  the  author,  after  having 
colle^d  the  different  historical  details  relative 
to  galvanism,  drawn  from  the  best  sources  and 
authorities,  to  devote  the  fourth  and  last  part  of 
this  work  to  his  own  theory  and  opinions,  and  to 
enter  into  a  full  exposition  of  the  apparatus  em- 
ployed for  the  various  purposes  of  practical  gal- 
vanism, it  will  suffice  here  to  give  a  succindl,  but 
clear  idea  of  the  Voltaic  pile,  as  it  was  originally 
€onstrii6lcd. 

Take  any  given  number  of  disks,  or  plates  of 
copper  or  silver,  and  an  equal  number  of  disks  of 
tin,  or,  which  is  still  better,  of  zinc,  of  the  same 
dimension.  Provide  an  equal  number  of  roundl 
pieces  of  pasteboard,  leather,  cloth,  or  of  any 

substance 
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s^bstdnee  whatever  capabte  oif  retaining  *  the 
moisture  it  has  imbibed  for  a  coiwiderabJe  timtf. 
Silver  or  copper  coin^i  may  likewi^  be  ^liipWyed 
for  this  purpose.  Now,  form  a  pile,  by  laying 
alternately  the  5Jinc  over  the  silver,  the  paste- 
board over  the  -ijinfc,  and  thtra  consecutively'. 
lif  it  be  intended  thait  the  pile  should  have  a  cer- 
tain degree  of  elevatlcm,  it  ought  to  be  supported 
between  three  glass  tubes.  When  it  is  thus  con- 
Strt^6led,  the  appamtus  is  in  a  state  to  perform 
the  fun6tions  requrrfed  o(  it.  A  pile  of  this  defj- 
Scription,  so  long  as  it  continues  in  a  well  hu- 
mefted  state,  appeals  to  be  a  continued  and  in- 
exhaustible source  of  a  current  of  eledlricity, 
which  permeates  every  coiKlu6l<»f  brought  in 
conta6l  with  the  two  extfemities  of  the  apparatus; 
if  this-  condu6lor  be  an  animal,  and  if  the  twd 
parts  of  its  body,  by' which  the  top  and  bottom  of 
the  pile  are  touched,  be  moistened,  a  condition 
which  is  essential  to  the  eflfeft^  the  animal  will 
receive,  on  each  of  the  eonta6ts,  repeated  inde- 
finitely,  a  true  e\e&nta\  sh<*)ck,  more  or  less  vio- 
lent, according  to  the  circumstances.  The  shock 
will  likewise  be  felt  if  a  part  only  of  the  pile  be 
comprehended  in  the  ele6lrical  circuit ;  but  the 
sensation  will  then  be  much  weaker.  It  would 
that  its  intensity  is  augmented  in  a  ratio 
4dcb  greater  than  that  of  the  portions  of  the 
pile,  compriscfd  bettfeeft^  thie-  t^m^  points  of  con- 

B  2  tadl. 


4         EXPERIMENTS  WITH  THE  VOLTAIC  PILE. 

[\tafl:.     It  has  also  been  noticed  that  this  sensa- 
k  tion  is   increased,    nearly    in  proportion  to  the 
iquares  of  the  heights,  intercepted  between  the 
ibove  points. 
When  experiments  are  made  with  the  Voltaic 
I  pile,    the  sensation  which  is  felt  resembles  the 
f  ^ect  of  a  weak  charge  from  a  very  large  cleSri- 
rpal  battery.     Its  a>£tlon  is  so  inconsiderable,  that 
liits  influence  cannot  penetrate  through  the  dry 
[  skin.     It  therefore  becomes  necessary  to  moisten 
a  part  of  each  hand,  and   then,  with  a  piece  of 
L  ^etal  held  in  each,  to  touch  the  bottom  and  top 
f  pf  the  pile,  or  the  conductors  which  correspond 
F  with  its  two  extremities.     The  extremities  of  the 
'  conduflors  may  likewise  be  made  to  lead  into  two 
separate  vessels  filled  with  water,   into  which  a 
'  finger  of  each  hand  should  be  plunged.     The 
..shock  becomes  more  powerful,  in  proportion  to 
the  number  of  the  pieces  brought  in  contact. 
,  Twenty  give  a  shock,  which,  when  the  due  pre- 
cautions are  taken,  is  felt  in  the  arms.     With  a 
hundred  pieces  it  is  felt  in  the  shoulders.     The 
current  of  electricity  afts  on  the  animal  system, 
£0   long  as  it  continues  to  make  a  part  of  the 
circuit.     If  any  one  who  subjects  himself  to  the 
1  experiment  has  the  smallest  cut,  burn,  or  exco- 
riation, near  the  extremities  in  contact  with  tbe 
pile,  he  feels  a  painful,  and,  indeed  almost  insup- 
portable, sensation  at  the  part  aflet^ted. 

By 
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By  the  help  of  his  condenser,  Volta  proved  • 
that  these  efFe6ls  are  purely  eledlric.  He  even 
ascertained  the  kind  of  ele<Slricity,  and  produced 
the  spark.  It  ought,  however,  to  be  observed, 
that  it  was  likewise  obtained,  without  having 
recourse  to  the  condenser,  at  the  extremity  of  a. 
pile  of  fifty-seven  pieces  of  silver,  and  as  many  of 
zinc.  Volta  remarked  that  its  a<9:ion,  in  the 
parts  where  the  cutis  had  been  laid  bare,  was 
sharpest  on  the  negative  side  of  the  apparatus, 
that  is,  when  the  eledlrical  current  flowed  out 
from  the  wound,  than  when  it  entered.  This 
fa6l  had  been  previously  noticed  in  the  case  of 
the  common  spark. 

The  theory  brought  forward  by  this  celebrated 
naturalist  is  as  follows :  He  observes  that  all  the 

« 

condudlors,  or  aneleStrics,  the  condu6ling  facul- 
ties of  which  are  comparatively  different,  have, 
the  property  of  occasioning  an  ele<ftric  current, 
when  they  are  brought  in  contadl.  In  this  case 
it  sufEces  that  metals  touch  each  other  at  a  single 
point ;  but  a  greater  extension  ought  to  be  given 
to  humid  substances.  The  results  of  a  great 
numbet"  of  experiments  made  by  Volta,  con- 
vinced him  that  the  efFedls  are  the  same,  whe- 
ther the  zinc  and  silver  be  brought  in  contadl, 
^^  communication  established  by  several  difFe- 
it  metals,  provided  the  water  be  made  to  com- 
fnunicate  with  the  zinc  and  silver  only.     When 

b3  the 
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the  latter  of  these  metals  is  employed,  the  salt 
water  is  preferable  to  the  alkaline  ley,  which,* 
again^  is  the  most  desirable  fluid,  when  tin  is 
miade  use  jof.  The  intensity  of  the  efFedls  becomes 
greater,  in  proportion  as  the  temperature  of  the 
apparatus  is  raised. 

VoLTA  was  surprized  to  find  that  the  galvanic 
flash  of  light  *  was  not  stronger  with  this  appa- 
ratus than  with  a  single  pair  of  plates.  It  is 
tme,  th^t  the' flash  was  produced,  when  the  con- 
dtjwftdrof  the  battery  was  applied  to  any  given 
part  of  th6  fecc,  and  even  to  the  breast.  The 
strcftigest  a&km  ensued,  when  the  metal  by  which 
the  battery  was  terminated,  was  held  between  the 
teeth,  and  made.to  rest  on  the  tongue.  A  con- 
vulsive shock  was  then  felt  in  the  above  part,  as 
wdl  as  in  the  lips,  the  flash  appearing  to  the 
eyes,  and  the  savour  being  perceptible  in  the 
mouth;  After  having  introduced  into  each  ear  a 
metallic  blunted  probe,  Volta  dire<fted  the  pas- 
sage of  the  ele6t^ric  shock  through  his  head,  and. 


*  Thus  16  termed  the  sensation  which  is  perceived,  whether 
the  eyes  be  open  or  closed,  at  the  instant  of  the  contad  of  two 
different  metallic  surfaces,  of  zinc  and  silver  more  particularly, 
which  are  made  to  communicate  respe6lively  with  the  gums  of 
cither  jaw.  This  flash  of  light,  produced  by  a  pile  wiii<A 
contained  an  hundred  and  eleven  plates  of  silver,  was  so  pow- 
erful, tliat  the  pliysiologist  who  made  the  experiment  was  not 
disposed  to  repeat  it. 

suffering 
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safl^ring  the  communication  to  be  kept  up  m  the 
battery,  heard  a  peculiar  sound,  similar  to  that 
of  ebullition  or  decrepitation.  This  experiment, 
he  did  not  think  it  safe  to  repeat.  He  could 
not,  by  any  of  the  trials  he  made,  affe6t  the  sense 
of  smelling ;  and  this  he  ascribed  to  the  impossi- 
bility of  circulating  in  the  air  this  description  of 
eledtricity. 

As  the  apparatus  loses  its  energy,  in  propor- 
tion as  the  metallic  and  other  substances  laid  on 
each  other  become  dry,   our  naturalist  endea* 
voured  to  prevent  this  effe6l,  by  enclosing  the 
pile  cither'  in  wax  or  pitch*     He  contrived  to 
enclose  in  this  way  two  columns^  each  composed 
of  twenty  fJates,  which  adled  perfedily  well  dur- 
ing several  weeks,  and  which,  he  had  reason  to 
expe6l,  would  continue  to  do  so  for  the  space  oi? 
several   months.     The    particular    combinatioa 
which  he  considers  as  the  most  useful  and  in- 
stru6live,  is  the  one  formed  by  a  rangtt.of  glasses, 
or  cups,  not  of  a  metallic  substance,  containing 
either  warm  water  or  brine.    Into  each  of  these 
a  plate  of  silver,  and  another  of  zinc,  are  plunged, 
but  without  reciprocally  touching  each  other* 
Between  these  glasses,  or  cups,  metallic  com- 
munications are  established,  and  disposed  in  soch 
ll^;>way   as  that,   provided   they  reach,    on   the 
one  hand,   the  zinc  contained   in  one  of  the 
glasses,    they  shouM  reach   the  silver   in   the 

B  4  other ; 
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other  ;  and  that  from  the  zinc  in  the  latter  they  ^ 
should  extend  to  the  silver  in  the  one  by  which 
it  is  followed ;  and  thus  consecutively  throughout 
the  whole  of  the  assemblage.     When  any  one 
places  himself  in  the  range  of  the  battery^  be- 
tween  the  first  and  the  last  of  the  glasses^  he . 
f^U  the  commotion.    It  is  essential  that  the 
plates  of  metal,   plunged  in  the  fluid,  diould* 
have,    at  the  least,   a  square  inch  of  surface. 
With  resped  to  the  communications  from  one? 
of  the  glasses,  or  cups,  to  another,   they  may. 
have  as  small  an  extent  as  the  operator  may  wish. 
VoLTA,  after  having  adopted,  in  a  certain  de* 
-gree,   the  conjectures  of  our  very   intelligent 
countryman,  Mr.  Nicholson,  on  the  cause  of 
the  efFe6ls  produced  by  the  torpedo  *,  considers 
his  new  apparatus  as  having  a  very  striking  ana- 
logy with  the  eleArical  organ  of  that  fish.     Mr. 
Nicholson  follows  up  the  observation  that,  in 
consequence^  of   Volta's  discovery,    there   no 
longer  remains  any  doubt  but  that  galvanism 
ought  to  be  comprehended  among  the  eledtric 
phenomena,  by  expressing  his  surprize  that  the 
learned  Italian  professor  has  not  directed  any  of 
his  inquiries  to  the  chemical  phenomena  of  gal- 
vanism announced  by  Fabroni,  and  more  par-r 


*  NxcHOL8o^*8  Journal,  vol.  i.  4to.  p.  338. 
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ticularly  to  the  rapid  oxydation  of  the  zinc,  by  , 
which   the  experiments  are   invariably  accom- 
panied. 

The  following  letter,  on  the  phenomena  of. 
galvanism,  was  addressed  by  Professor  Volta  to : 
M.  Db.La  Metherie.  The  latter  had  demanded 
of  him  a  concise  account  of  his  experiments,  by. 
which  he  attempted  tO/demonstrate  what  he  had 
always  maintained;  namely,  that  the  pretended 
agent,  or  galvanic  Jluid,  is  merely  the  common 
eleSlric  Jluidj  incited  and  put  in  motion  by  the 
simple  mutual  contatl  of  *  different  condudiorsy  and 
of  metallic  ones  more  especially.     By  these  ex- 
periments the  learned  professor  flattered  himself 
he  had  proved,  that  two  metals  of  a  different 
nature,  when  combined,  produce,  in  a  certain 
degree,  a  true  eledlricity,  the  force  and  quality 
of  which  may  be  ascertained.     That  the  power- 
ful, and,  indeed,  miraculous  effedls  of  the  new 
apparatus^  the  parts  of  which  may  be  denomi- 
nated eteBro-motors,  whether  in  the  form  of  a 
pile,  or  of  a  range  of  glasses,  or  cups,  are  no- 
thing more  than  the  aggregate  sum  of  the  effects 
of  a  series  of  several  similar  couples  of  metallic 
plates.     And,  lastly,  that  the  chemical  pheno- 
mena, which  are  obtained  by  the  decomposition 
of  the  water  and  other  fluids,  by  the  oxydation 
of  the  metals,  &c.  are  the  secondary  effeds  of 
the  above  ele<^ricity^  of  the  continual  current  of 

electric 
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eteflrlc  fluid,  which,  by  virtue  of  the  aforesaid 
aftion  erf  the  conne*fted  metals,  is  established  as 
soon  as  a  communication  is  formed,  by  a  con- 
dmSing  arc,  between  the  two  extremities  of  the 
apparatus.  This  communication,  when  once  made, 
is  maintained,  and  continues  until  the  circuit  is 
interrupted. 

The  truth  of  these  observations  was  proved 
by  several  of  the  experiments  made  by  M.  Vol- 
TA,  with  his  Small  portable  apparatus,  in  the 
presence  of  M.  Pictet,  the  naturalist  of  Geneva, 
and  of  several  other  persons.  These  experi- 
ments were  afterwards  repeated,  and  form  the 
basis  of  a  very  extensive  memoir,  which  our 
naturalist  read  at  the  French  National  Institute, 
and  the  substance  of  which  will  be  given  here- 
after. 

"  I  began  (observes  Volta)  by  shewing,  by 
several  nice,  yet  simple  experiments,   that  un- 
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made  of  two  metallic  disks,  having  thdr  smooth 
and  polished  surfaces  nicely  brought  together^ 
and  covered  with  a  slight  layer  of  sealing  wax, 
or,  in  preference,  with  a  good  varnish  of  givn 
lac. 

"  The  first  mode  of  making  this  experiment, 
was  to  take  two  disks,  or  plates,  one  of  copper, 
and  the  other  of  zinc,  and  to  hold  each  of  them 
by  an  insulating  handle,  made  of  glass  coated 
with  sealing  wax.  In  this  way  their  polished 
surfaces  were  applied  to  each  other  for  an  in- 
stant, and,  having  been  dexterously  separated^ 
they  were  brought  in  conta6l  with  thC' eledlro*' 
meter, .  which  then  marked,  by  a  divergence  of 
about  a  line  of  its  straws,  the  electricity  each  of 
the  disks'  had  acquired.  That  the  one  which 
was  of  jcinc  had  received  the  positive  eletflricity, 
(el.  +)j  and  the  one  of  copper,  the  negative^ 
(el.  — ),  was  readily  to  be  ascertained,  by  bringing 
near  to  the  ele6lrometer  a  stick  of  sealing  wjax 
which  had  been  previously  rubbed. 

"  It  ought  here  to  be  noticed,  that,  in  this 
experiment,  the  two  plates,  at  the  same  time 
that  they  are,  in  consequence  of  their  mutual 
conta61:,  as  two  different  metals,  motors  of  elec- 
tricity, perform  also  the  office  of  condensers, 
when  their  extensive  surfaces  are  brought  to- 
gether. This  is  the  reason  why  their  contrary 
states  of  eledricity  are  so  nicely  counterbalanced ; 

and 
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and  it  likewise  explains  why  the  positive  e!e£i 
city  in  the  plate  of  zinc,  and  the  negative  in  t 
plate  of  copper,  which  would  not  otherwise  r 
liigher  than  about  the  sixteenth  part  of  a  degree 
a  state,  indeed,  in  which  these  electricities  c 
tinue  so  long  as  the  plates  are  applied  to  each 
other,  rise,  as  soon  as  they  are  detached,  to  one, 
one  and  a  half,  or  two  degrees,  and  even  nfiore. 

"  Such  a  state  of  eledlricity,  it  must  be  granted, 
is  but  trifling ;  and  docs  not  satisfy  those  who 
wish  to  see  the  cfFefts  on  a  large  scale.     In  or- 
der,   therefore,    to  produce  still   more   striking; 
eledlric  phenomena,  I  commonly  make  use  of  qJ 
sepond  condenser,  placed  on  the  ele6lrometer  ittj 
self,  and  proceed  in  the  following   manner.     I 
apply  to  each  other  the  plates  of  copper  and 
zinc,  and,  having  separated  them  repeatedly,  I 
bring  one  of  these  insulated  plates,  as  often  as 
the   separation  is  effected,  in  contatS-  with  the 
tipper  disk  of  the  condenser,  and  the  other,  in- 
sulated in  the  same  way,  in  contatl  with  tlic 
lower    disk,    which    rests  on   the   eiedtromcter. 
Having  repeated  these  contains  ten,  twelve,  or 
twenty  times,    on  elevating  the  upper   disk    of 
the  above-mentioned  condenser,  the  eledlromcteTj J 
which  supports  the  lower  disk,  rises  to  ten,  iwelvej 
fifteen,  twenty  degrees,  &c.  .4 

"  It  might  be  apprehended  that,  independ- 
ently of  the  adtioD  of  the  condenser^  the  extent 

of 
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jof  the  contadl,  between  the  two  diverse  metals^ 
contributes  greatly,  as  such,  to  the  elevation  of 
the  eledlricity  to  the  above-mentioned  degrees, 
and  that  it  would  be  much  lower,  if  they  were 
merely  to  touch  each  other  at  some  pai'ticular 
points.  I  demonstrate,  however,  the  contrary^ 
that  is,  that,  in  either  of  these  cases,  the  elec- 
trical tension  reaches,  during  the  contact,  the 
same  point,  which  is  nearly  the  sixtieth  part  of  a 
degree  of  my  elekStrometer  made  with  fine  straws, 
when  the  two  metals  are  zinc  and  copper.  When 
the  plates  are  composed  of  zinc  and  silver,  it  is 
somewhat  more  considerable.  With  respedl  to 
this  tension,  as  it  requires  a  much  larger  quan- 
tity of  the  ele<Slric  fluid,  in  the,  plate  which  per- 
forms the  office  of  condenser,  before  it  can  be 
made  to  condense  sixty,  a  hundred,  a  hundred 
atid  fifty,  or  two  hundred  times,  it  is  on  this 
account  that  one,  one  and  a  half,  two  degrees,  &c. 
are  obtained. '  ^ 

"  To  prove  tha^  a  contact  of  two  metals,  of  a 
small  extent,  and  even  at  a  few  points  only,  dis-. 
places  the  eledlric  fluid  in  such  a  way,  as  to 
carry,  in  these  metals,  the  tension  to  the  same 
degree,  I  join  a  small  plate  of  copper  with  ano- 
ther of  zinc,  either  similar  or  dissimilar,  with  re- 
sped):  to  its  shape  and  size,  applying  them  to 
each  other,  at  a  few  points  only,  or  at  a  stiH 

greater 
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grMter  number  of  point^^  or  even  soldering  therti 
end  to  end." 

Hert  follow  several  figures,  by  which  this  the** 
ory  is  elucidated,  but  which  it  is  unrifecess^ry  to 
give  in  this  place,  as  the  8Ubje<ft  will  be  more 
particularly  inquired  into  hereafter.  Professor 
VoLTA  now  proceeds  as  follows :  "  The  adiiofi 
by  which  the  eledlric  fluid  is  excited  and  pitt  in 
motion,  is  not  produced,  as  has  been  falsely  $ttp- 
posed,  on  the  contadt  of  the  humid  Mbstance 
with  the  metal,  or,  granting  this  to  be  the  case 
in  a  certain  degree,  it  is  unworthy  of  ccnsidera*^ 
tiony  when  compared  with  the  a<3ion  whieb  eft:- 
tspues,  as  my  experiments  have  fully  proved,  dit 
the  contaft  being  established  between  difitrent 
metals.  Consequently,  the  true  element  of  my 
cle6tromotive  apparatus,  in  the  form  of  a  pile,  of 
of  a  range  of  cups,  or  constructed  in  any  other 
manner,  conformably  to  the  same  principles,  con- 
sists in  the  simple  metallic  pair  of  plates,  com- 
posed of  two  different  metals,  and  not,  as  a  great 
number  of  naturalists  have  supposed,  in  a  humid 
substance  applied  to  a  metallic  substance,  or 
comprised  between  two  different  metals.  The 
humid  layers,  in  a  compound  apparatus  of  this 
description,  are  therefore  merely  introduced  to 
establish  a  reciprocal  communication  between  all 
the  metallic  pairs  of  plates,  so  arranged  as  to 

impel 
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impel  the  eledtric  fluid  in  one  particular  direc*- 
tion ;  or,  in  other  words,  to  make  them  commu- 
nicate in  such  a  way,  as  that  no  part  oi  the 
adtion  should  take  a  contrary  direction. 

"  After  haying  nicely  ascertained  the  degree 
of  cledlricity  I  obtain  from  a  single  pair  of  me- 
tallic plates,  by  the  help  of  the  condenser  which 
I  employ,  I  proceed  to  shew  that  with  two,!three> 
four,  or  a  greater  number  of  pairs,,  well  arranged, 
that  is,  all  pf  them  turned  in  the  same  dire^ion, 
and  communicating  with  each  other  by  as  many 
humid  layers,  which,  as  I  have  demonstrated,  are 
necessary  to  prevent  any  diverse  a6lions,  I  obtain 
a  double,  a  triple,  a  quadruple  degree.  Sec.  Con- 
sequently, if,  by  the  means  of  a  single  pair,  the 
condenser  be  eleArified  in  such  a  ratio  as  to  give 
to  the  eledlrometer  three  degrees,  for  instance ; 
with  two  pairs,  six  will  be  obtained  ;  with  three 
pairs,  nine ;  with  four,  twelve,  &c.  if  not  precisely, 
pretty  nearly  at  the  least. 

^^  Thus   is   a   small  pile   construifted,  which 
^M>cs  not,  however,  enable   the  electrometer  to 
bestow  any  indications  without  the  aid  of  tlte 
condraser.     To   the  end   that  it  may  manifest 
them  without  delay,  and  readi  a  full  degree  of 
elecbncal  tension^  which,  as  it  is  marked  by  half  a 
line  only  of  divergence  of  the  points  of  the  straws 
"  flcancdy  perceptible,  it  is  necessary  that  such  a 
would  be  composed  of  about  sixty  pairs  of 

plates 
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platCwS  of  copper  and  zinc,  or,  which  is  still  better, 
of  zinc  and  silver,  according  to  the  proportion  of 
the  sixtieth  part  of  a  degree  bestowed  by  each 
pair,  as  I  have  had  occasion  to  remark.  Under 
these  circumstances  the  pile  likewise  gives  shocks, 
if  its  two  extremities  be  touched  with  the  moist^ 
ened  fingers ;  and  still  more  powerful  ones,  if 
they  be  touched  by  metals,  the  extensive  sur- 
hices  of  which  are  grasped  by  the  hands,  in  a 
humid  state.  By  this'last  method  a  much  better 
communication  is  established. 

"  In  this  way  an  apparatus,  whether  in  the 
form  of  a  pile,  or  of  a  range  of  cups,  composed 
of  thirty,  and  even  of  twenty  pairs  of  plates,  may 
be  made  to  give  shocks,  provided  the  metals  are 
well  cleansed,  and,  more  particularly,  if  the  humid 
layers  which  are  interposed,  instead  of  being 
moistened  with  water,  are  wetted  with  a  pretty 
strong  solution  of  saline  substances.  This  is  not, 
however,  because  these  saline  fluids  augment,  in 
a  positive  manner,  the  force  of  the  eledlricity ; 
but  because  they  facilitate  the  passage  of  the 
dedlric  fluid,  the  current  of  which  meets  with 
fewer  obstacles.  That  they  are  better  conduc- 
tors than  pure  water,  has  been  demonstrated  by 
several  decisive  experiments. 

"  To  establish  this  fa6t,  and  to  make  it  evi- 
dent to  those  who  could  with  difficulty  be  per* 
suaded  that  the  eledlric  force  is-,  if  not  precisely, 

pretty 
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pretty  nearly  the  same,  whether  the  hamid  layers 
h^ve  been  soaked  in  pure  water  or  in  salt  water,  • 
notwithstanding  there  is  so  great  a  difference  in 
the  shock  which  is  felt,  I  have  frequently  made 
the  following  experiment :  I  took  thirty  cups,  or 
drinking-glasses,  and  construdled  with  thera  the 
particular  apparatus  which  I  denominate  couronne 
de  tosses,  by  putting  into  each  of  them  a  suffi- 
cient quantity  of  pure  water^  and  establishing  a 
communication  between  the  first  and  second^ 
the  second  and  third,  and  thus  on,  consecutively, 
until  the  last,  by  the  means  of  metallic  arcsy 
which  were  terminated  on  the  one  side  by  a  thin 
plate  of  copper,  and  on  the  other  by  a  plate  of 
^inc,  the  whole  of  them  being  turned  in  the 
same  diredion.  The  apparatus  being  thus  ar- 
ranged, I  tried  its  ele<5lrical  force,  by  establishing 
a  communication  between  the  first  of  the  cupsy 
or  glasses,  and  the  floor ;  and  having  applied  the 
condenser  to  a  piece  of  metal  partly  immersed  in 
the  cap  in  question,  it  gave  me,  as  soon  as  I  bad 
withdrawn  it,  and  had  separated  one  of  the  disks 
frcHD  the  other,  in  a  proper  manner,  and  with- 
out any  delay,  forty,  sixty,  or  a  still  greater 
namber  of  degrees,  according  to  the  condensing 
force.  I  Kkewise  tried  the  shock  in  the  most 
advantageous  manner,  and  found  it  to  be  very 
weak.  After  havinor  been  fuiiv  satisfied,  both 
of  the  degree  of  electricity,  and  the  weakness  of 
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the  shock,  I  threw  a  pinch  of  salt  into  each  of 
the  cups ;  and,  on  a  repetition  of  the  trials,  I 
found  that  the  ele6tricity  was  not  augmented, 
the  condenser  still  affording  me  no  more  than 
the  forty  or  sixty  degrees,  as  before,  although 
the  shocks  were  incomparably  stronger. 

*'  I  have  already  informed  you,  that,  by  nieani 
of  the  apparatus,  such  as  it  has  been  de^ 
scribed,  I  charge  a  Ley  den  phial,  whatever  may 
be  its  capacity,  and  even  a  large  battery.  I 
charge  them  in  an  instant,  or,  to  speak  more 
corredtly,  in  less  than  the  twentieth  part  of  a 
second,  and  pretty  nearly  to  the  same  degree  as- 
the  apparatus  itself;  namely,  to  about  a  degree 
of  tension,  provided  the  apparatus  is  composed 
of  sixty  pairs  of  plates ;  to  two  degrees,  if  it 
contains  a  hundred  and  twenty,  &c.  In  such  a 
case  I  can,  by  the  help  of  my  condenser,  draw  a 
pretty  strong  spark  from  small  jars  charged  in  this 
manner,  a  great  number  of  similar  sparks  from 
large  jars,  and  an  almost  unlimited  number  from 
the  apparatus  itself. 

"  I  have  informed  you,  that  large  jars,  when 
thus  diarged,  gave  me  moderate  shocks,  and  the 
batteries,  pretty  strong  ones,  which  extended  to 
above  the  joint  of  the  elbow.  Those  produced 
by  a  battery  provided  vnth  a  coating  of  ten  square 
feet,  and  charged,  in  less  than  the  twentieth 
part  of  a  second,  by  an  apparatus  having  two 

hundred 
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hundred  pairs  of  metallic  plates,  are  so  strong 
as  to  be  nearly  insupportable.  I  have  not  as  yet 
made  any  trials  with  larger  batteries  ;  but  there 
is  every  probability  that  the  force  of  the  shocks 
would  be  augmented  in  proportion  to  their  size, 
until  a  certain  limit,  on  the  extent  of  which  I 
cannot  decide.  It  would  thus  be  possible,  with 
batteries  of  forty,  sixty,  and  a  hundred  feet 
square,  to  give  pretty  strong  shocks,  if  they 
were  to  be  charged  by  the  sudden  and  transitory 
contact  of  a  pile  of  sixty  pairs  only,  and  even  of 
forty  or  thirty,  or  perhaps  still  less. 

**  I  have  explained  to  you  the  mode  which 
ought  to  be  followed,  to  give  a  successful  issue 
to  these  experiments.  It  is  more  particularly 
necessary  to  avoid,  with  extreme  care,  the  small- 
est interruptions  in  the  communicatibns  be- 
•  tween  the  conductors  and  the  coatings  of  the 
jars,  as  well  as  between"  each  other.  This  is  still 
more  essential,  when  the  eledlromotive  appara^ 
tus,  composed  of  a  few  pairs  of  plates,  is  not 
Very  powerful ;  seeing  that  it  is  unable  to  over^- 
come  the  slightest  obstacle  it  may  meet  with  in 
its  passage,  or  which  may  resist  the  course  of  the 
eleftrfc  fluid. 

*^  Finally,  I  have  pointed  out  to  ydtir  notice, 
that  these  experiments  confirm,  in  the  most  de- 
dsive  mitnner,  what  had  been  already  suggested 
by  the  preceding  ones ;  nameiy^  that  the  quantity 
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of  electric  fluid  put  in  motion  by  my  apparatus^ 
is  much  larger,  within  any  given  space  of  time, 
than  the  quantity  which  can  be  obtained  by  the 
common  eledric  machines.  A  more  abundant 
supply  is  procured  by  the  means  of  my  apparatus 
than  by  the  latter,  when  the  objedl  is  not  an 
accumulation  of  the  eleAric  fluid  in  insulated 
bodies,  with  a  view  to  raise  the  eledlricity  they 
contain  to  a  high  degree  of  tension,  which  may 
be  efFe6led  by  the  above-mentioned  machines, 
but  not  by  the  pile,  and  other  similar  contri- 
vances, unless  a  condenser  be. employed;  but 
when  the  aim  is  to  establish  a  constant  current 
of  the  fluid  in  question,  to  be  kept  up  by  an 
unceasing  action  in  a  circuit  of  non -insulated  con- 
ductors. In  this  latter  case,  an  apparatus  of 
sixty  pairs  of  metallic  plates,  and  even  of  thirty, 
pours  out  every  instant,  or,  in  other  words, 
within  any  given  time,  a  greater  quantity  of  the 
electric  fluid,  provided  it  does  not  meet  with  any 
obstacle,  and  is  not  obstrudled  by  the  small  and 
disproportionate  capacity  of  the  recipient  in 
which  it  is  collected,  than  the  best  and  most 
powerful  eledlrical  machine,  constructed  either 
with  a  cylinder,  or  with  a  plate  of  glass.  In  rea^^ 
Jity,  where  is  an  ele<ftrical  machine  to  be  found, 
which  is  capable  of  charging  to  a  degree,  or  even 
to  half  a  degree,  a  very  large  battery,  in  less 
than  the  eighth  part  of  a  second,  and  which  is 

enabled 
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enabled  to  infuse  into  it  such  a  quantity  of  the 
eledlric  fluid  as  may  suffice,  when  it  is  afterwards 
drawn  out  by  the  help  of  a  condenser,  to  pro- 
duce  a  great  number  of  sparks,  following  each 
other  in  succession  ?  This  is,  notwithstanding, 
the  case  with  one  of  my  machines. 

^^The  other  experiments,  a  part  of  which  were 
witnessed  by  you,  regard  the  different  eledtrosco- 
pic  phenomena   produced  by  the  apparatus,  ac- 
cording as  either  of  its  extremities  is  made  to  com- 
municate with  the  ground,  or  both  of  them,  or 
neither,  or  as  they  simply  communicate  with  each 
other  and  with  the  ground  at  the  same  time ;  and 
finally,    according   as   the   communications   are 
made  by  perfedl  condu6tors,  by  more  or  less  im- 
perfeft  ones,  &c.     Each  of  the  above   circum- 
stances modifies  in  a  singular  way,  and  gives  a 
great  variety  to  the  result,  which  is  frequently  as 
curious  as  it  is  irregular.     This  I  think  I  can  ex- 
plain in  a  satisfa6lory  manner,  without  deviating 
from  my  own  principles,  and  from  the  best  elec- 
trical theories,  by  a  nice  attention  to  the  mode 
in  which  bad  or  imperfect  conductors  adl.     These 
details  would  lead  me  too  great  a  .length." 

The  following  observations  on  the  above  letter, 
are  from  the  pen  of  the  intelligent  Mr.  Ni- 
cholson*. 

"  Signior  Volta,  and  many  of  our  philosophi- 

*  Phil.  Journal,  vol.  i.  8vo.  p.  142. 
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cal  neighbours  in  France,  will  no  doubt  think^ 
on  reconsidering  the  fa6ls,  that  they  have  been 
too  precipitate,  in  admitting  the  ele6lric  energy* 
as  the  only  effective  agent  in  the  phenoniena  of 
the  pile,  and  that  fluids  a6l  merely  as  condudlors. 
The  recent  interruption  of  correspondence  may 
probably  hax'e  rendt^red  the  contents  of  my  Jour- 
nal little  known  in  France,  otherwise  the  learned 
author  of  the   above  letter  would  have  found  a 
fatal  objection  to  that  part  of  his  theory,  which 
gives  all  to  the  metals,  and  nothing  to  the  fluids, 
in  Mr.  Davy's  galvanic  pile*,  consisting  of  one 
metal   throughout,    but  with  different  stata  of 
fluids ;  for  example,  thus :  metal,  cloth  soaked 
in  dilute  nitrous  acid,  cloth  soaked  in  water,  cloth 
SQaked  in  sulphuret  of  potash ;  then  the  same 
metal  and  nitrous  acid,    water,  and  sulphuret; 
the  metal,  &c.     Or,  if  a  trough  be  used,  the 
separation  between  the  acid  and  sulphuret  may 
be  made  by  a  plate  of  horn,  and  the  two  fluids 
may  be  connected  by  a  slip  of  wetted  paper  hung 
over  the  edge  of  the  horn,  which  will  not  cause 
the  fluids  to  mix,  because  water  is  lighter  than 
either.     The  n\etals  separately  and  successfully 
tried  were,  silver,  copper,  zinc,  and  lead. 

"  To  this  I   will  here  add,  from  conversation, 
an  experiment  of  the  same  philosopher,  which  is 


*  An  account  of  Ibis  contrivance  will  be  given  in  the  sequel. 
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no  less  conclusive  as  to  the  diredl  efFe<9.  of  the 
fluid  in  this  apparatus ;  because  the  same  eWAnc 
power  is  made  to  move  either  from  the  top  or 
bottom  of  a  pile  of  two  metals,  according  to  the 
nature  of  the  interposed  fluid.  If  a  pile  of  iron 
and  copper  be  construdled  as  usual,  with  water 
interposed,  the  iron  becomes  ele6lrifiedj&/w^,  and 
the  copper  minus ;  but  if  the  same,  or  a  similar 
pile,  be  construded  with  no  other  difference,  than 
that  sulphuret  of  potash  is  used  instead  of  water, 
the  iron  is  electrified  minus^  and  the  copper  j&/w*. 
In  the  first  case  the  iron  is  oxyded  ;  but  in  the 
second  there  is  no  oxydation  of  this  metal,  and 
the  copper  is  oxyded,  and  probably  sulphurated. 

"  Lastly,  we  have  another  instance  of  the  power 
and  importance  of  fluids  in  the  article*  which 
follows  the  present,  where  charcoal  alone  is  used, 
and  the  leading  condition  is,  that  two  different 
fluids  shall  be  used. 

^^  As  we  know  by  the  experiments  of  M.  De 
Saussube,  and  many  others,  that  chemical  changes 
do  disturb  the  equilibrium  of  eledlricity,  and  they 
certainly  take  place  in  the  pile,  it  seems  at  least 
probable,  that  these  may  have  the  chief  agency  in 
the  apparatus.  With  regard  to  the  principle  of  the 
eledlric-motors  of  Signior  Volta,  I  must  observe, 
that  Bennet  made  many  diredl  experiments  by 

*  An  analysis  of  this  article  will  be  imroduced  in  its  proper 
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tjje  application  of  different  metals,  by  thj  single 
and  double  touch,  to  the  plates^  of  the  doubler, 
followed  by  the  production  of  eledtricity,  by  him 
called  adhesive  ele6lricity,  which  were  published 
in  his  new  experiments  on  eledricity.  Others 
were  made  by  Cavallo,  on  the  ele6lricity  pro- 
duced by  the  contact  or  stroke  of  a  piece  of  me- 
tal let  fall  from  the  hand,  for  the  most  part,  on 
an  insulated  metallic  plate,  which  were  publishjed 
in  the  third  volume  of  his  Eledricity,  in  1795. 
I  do  not  know  the  date  of  Volta's  experiments, 
but  believe  them  to  be  much  later  than  those  of 
the  same  kind  by  Bennet.  This  last  philoso- 
pher, as  well  as  Cavallo,  appears  to  think  that 
different  bodies  have  different  attradlions  or  capa- 
cities for  electricity  ;  but  the  singular  hypothesis 
of  elecStro-motion,  or  a  perpetual  current  of  elec- 
tricity being  produced,  by  the  conta6l  of  two  dif- 
ferent metals,  is,  I  apprehend,  peculiar  to  Volta." 
Towards  the  close  of  the  year  1801,  Professor 
VoLTA,  accompanied  by  his  friend  and  colleague 
Brugnatelli,  paid  a  visit  to  Paris,  to  hold  a  con- 
ference with  the  savam  of  that  capital,  on  various 
scientific  objedts,  and  principally  on  the  phenome- 
na of  the  galvanic  pile ;  a  discovery  which  does  him 
so  much  honour,  and  which  interests,  in  so  high  a 
degree,  the  progress  of  the  physico-chemical  sci- 
ences. In  the  sitting  of  the  class  of  physical  and 
mathematical  sciences  of  the  French  National  In- 
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stitute,  held  on  the  7th  of  November  1801,  thi^ 
celebrated  naturalist  read  a  part  of  a  memoir, 
written  by  him,  and  containing  the  detail  and 
results  of  his  new  experiments  on  galvanism.  It 
should  be  observed,  that  the  aim  of  these  ex- 
periments was  to  bring  fresh  and  striking  evi- 
dences of  the  identity  of  the  galvanic  and  elec- 
tric fluids,  agreeably  to  the  hypothesis  he  had 
invariably  maintained.  The  reading  of  the  me- 
moir was  terminated  at  the  two  sittings  next  fol- 
lowing ;  and  on  the  2d  of  the  ensuing  month, 
December,  a  gold  medal  was  unanimously  de- 
creed to  the  learned  professor  of  Pavia. 

The  following  extract  from  the  above  report, 
which  has  made  so  strong  an  impression  on  the 
scientific  world,  will,  we  flatter  ourselves,  be 
highly  gratifying  to  our  readers.  It  will  be 
found  to  contain  a  summary,  but  clear,  exposi- 
tion of  the  new  and  improved  theory  and  doc- 
trine of  Volt  A. 

Our  naturalist,  after  having  observed  that  he 
had  already  explained,  in  his  letter  to  M.  de  la 
Metherie,  the  motives  by  which  he  had  been 
led  to  advance  that  the  galvanic  fluid,  or  agent, 
is  no  other  than  the  true  ele6lric  fluid,  proceeds 
to  the  observation,  that  the  denomination  which 
is  employed,  whether  it  be  that  of  galvanic  elec- 
tricity, or  that  of  the  galvanic  agent  or  fluid, 
is  of  little  importance^  provided  there  be  not  any 
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discordance  as  to  the  fadls.  To  attain  this  aim, 
and  to  put  an  end  to  eveiy  idle  contestation, 
arising  from  the  want  of  a  due  and  mature  con- 
iideration  of  the  subjedl,  he  has  deemed  it  ne- 
cessary, by  a  recapitulation  of  several  principles, 
to  which  little  or  no  attention  had  been  paid,  to 
obviate  the  difficulties  and  objedlions  which  had 
not  escaped  him,  although  he  had  passed  them 
over  in  silence,  *^  Accordingly  (he  observes) 
the  present  memoir  may  be  considered  as  a  se- 
quel of  the  letter  I  have  alluded  to  above,  or, 
rather,  as  forming  a  part  of  several  other 
memoirs  which  I  purpose  to  publish  here- 
after, notwithstanding  this  one  contains  in  it- 
self a  complete  system  both  of  theory  and  doc^ 
trine.'* 

The  memoir  is  divided  into  twenty-nine  sec* 
tions.  In  the  first  of  them  Volta  explains  the 
three  most  forcible  objedlions  which  have  been 
brought  forward,  against  the  homogeneity  of 
the  galvanic  and  ele6lric  fluids.  They  are  to  the 
following  efFedl ; 

Ist,  The  absence  of  several  eledlrical  pheno- 
mena, and  the  scarcely  perceptible  development 
of  several  others,  when  compared  with  the 
shocks,  painful  sensations,  &c.  produced  by  the 
simple  contadl  of  two  metals  of  a  different  na- 
ture, such  as  silver  and  zinc,  as  well  as  by  the 
assemblage  of  several  pairs  of  these  diverse  sub- 
stances^ 
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stances^  communicating  with  each  other  by  tlie 
means  of  a  humid  conductor. 

2dly,  The  imperfedt  transmission  of  the  gal- 
vanic fluid,  or  principle,  whether  it  is  produced 
by  the  simple  galvanic  apparatus,  which  hasbeea 
long  known,  or  derives  its  source  from  the  com-* 
pound  apparatus,  invented  by  the  author.     To 
this  consideration  may  be  added  the  property 
possessed  by  certain  substances,  such  as  rarefied 
air,  flame,  &c.  of  suspending,  and  even  anni-r 
hilating,  the  a6tion  of  the  apparatus,  notwith- 
standing these  substances  are  considered  as  ex- 
cellent condudlors  of  ele6tricity. 

3dly,  The  strange  and  surprizing  decomposi* 
tion  of  water,  when  it  is  subjected  to  the  above 
apparatus.  This  result  it  urould  be  difficult  to 
ascribe  to  a  very  feeble  eledricity,  which  the 
most  delicate  eledrometers  render  scarcely  per- 
ceptible ;  seeing  that  it  is  not  produced,  either 
by  the  roost  powerful  discharges  of  a  commoQ 
eledlrical  machine,  or  by  a  very  rapid  and  long 
continued  eleflric  current. 

3uch  are  the  doubts  and  obje(3ions  which 
VoLTA  endeavours  to  remove  in  the  present 
memoir.  He  considers  those  by  whom  they 
have  been  made,  as  being  but  little  versed  in  the 
science  of  electricity,  mcwe  especially  in  the  part 
ii^hich  embraces  eledlrometry. 

To  reply  ia  a  satisfadoKy  maimer  to  these  ob» 

je<Slions, 
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je^lions,  he  found  it  necessary  to  ascertain  with 
precision  the  degrees  of  force  which  the  eledlri- 
city  receives  from  the  contact  of  two  metals  of 
a  different  nature  ;  a  contadl  by  which  they  are 
rendered  not  merely  conductors,  but  even  ex- 
citers,  or  motors^  of  the  eledlric  fluid.  For  this 
purpose  he  made  choice  of  the  two  particular 
metals  the  most  opposite  to  each  other,  and  at 
the  same  time  the  most  a6live,  namely,  silver  and 
zinc,  the  efficacy  of  which  is  augmented,  instead 
of  being  diminished,  when  they  contain  a  cer- 
tain proportion  of  other  metallic  substances. 
When  they  are  both  of  them  well  cleansed,  and 
their  surfaces  polished,  the  instant  they  touch 
each  other,  in  a  dire6l  way,  at  one  or  several 
points,  they  displace  the  ele6lric  fluid,  and  de- 
stroy its  equilibrium,  so  as  to  make  it  pass  from 
the  silver  to  the  zinc,  and  to  be  rarefied  in  the 
one,  while  it  is  condensed  in  the  other.  In  this 
double  state  of  rarefa6lion  and  condensation  it 
is  maintained,  provided  the  two  metals  have  not 
any  communication  with  other  conductors,  which, 
agreeably  to  the  laws  of  equilibrium,  may  supply 
to  the  first  the  dose  of  ele6lric  fluid  it  has  lost, 
and  deprive  the  second  of  the  dose  it  has  ac- 
quired. 

After  having  described  his  eleClrometer  made 
with  fine  straws,  which  indicates  the  sixtieth 
part  of  a  degree  of  positive  eleClricity  in  the 

former 
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former  of  these  metals,  and  of  negative  eledlri- 
city  in  the  latter ;  and  after  having  made  a  com- 
parison between  this  ele6lrometer  and  the  one 
invented  by  Bennet,  our  author  proceeds  to  ob- 
serve, that  he  can  render  this  eledlricity  sensible 
to  either  of  the  above  instruments,  and  ascertain 
either  its  positive  or  negative  quality,  by  the  help 
of  his  newly  invented  condenser,  a  desci'iption 
of  which  he  gives,  as  well  as  an  explanation  of 
the  uses  to  which  it  may  be  applied.  He  com- 
plains that  it  has  not  in  general  been  employed 
with  all  the  attention  necessary  to  ensure  the 
success  of  the  experiments. 

This  condadlor  having  been  disposed  in  the 
manner  which  he  pointy  out,  Volta  proceeds  to 
his  experiments,  the  detail  of  which  could  not 
be  comprehended  without  the  plates  by  which 
they  are  accompanied.  It  will  suffice  to  observe, 
that  the  experiments  which  he  describes,  prove 
that  the  force  which  gives  the  impulsion  to  the 
ele6lric  fluid,  instead  of  arising  from  the  com- 
munication of  such  or  such  a  metal,  with  one  or 
several  humid  condu<3ors,  is  produced  by  the  re- 
ciprocal contadl  of  the  two  metals,  at  the  pre- 
cise part  where  they  touch  each  other. 

With  respedl  to  the  suspicion  which  may  be 
entertained,  that  the  eledric  fluid  -is  displaced 
by  the  contadl  either  of  the  silver,  or  of  the 
zinc,  with  the  fingers  by  which  it  is  held,  or 

with 
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it  embrace  several  other  metals,  semi-metals, 
pyrites,  charcoals,  &c.  He  observes,  that  there 
are  other  substances  which  appear  to  drive  the 
ele6lric  fluid  into  various  metals,  more  particu- 
larly into  zinc,  v^^ith  a  greater  force  than  silver. 
These  substances  are  plumbago,  several  kinds  of 
charcoal,  and,  more  especially,  crystalized  black 
manganese,  the  communication  of  which  with 
the  zinc  produces  a  tension  nearly  twice  as  great 
as  that  of  the  silver  and  zinc,  that  is,  it  is  car- 
ried  to  the  thirty-fifth  part  of  a  degree. 

But,  to  the  end  that  this  efFedl  may  be  pro- 
duced, it  is  necessary  that  the  plate  of  silver 
should  communicate  with  good  condudlors,  in 
which  it  may  find  the  ele6lric  fluid  it  is  to  impart 
to  the  zinc,  and  which  the  latter  is  to  deposit  in 
the  condenser,  to  the  end  that  the  eledlricity 
may  be  accumulated  to  the  degree  above  pointed 
out.  It  follows  from  hence,  that  the  eledlrome- 
ter  cannot,  even  with  the  help  of  the  best  con- 
dudlor,  denote  any  portion  of  eledlricity  in  two 
different  metals  which  touch  each  other,  provided 
one  of  the  two  does  not  communicate  with  a 
sufRciently  capacious  recipient,  at  the  same  time 
that  the  other  transmits  the  electricity  it  has 
successively  acquired,  to  the  condenser,,  in  which 
it  is  accumulated. 

.    ^^  All  these  experiments,*'  observes  M.  Volta, 
^^  which  alike  gave  me  two,  three,  or  four  de- 
grees^ 
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grees  of  positive  eledlricity,  in  a  plate  of  zinc, 
and  of  negative,  in  a  plate  of  silver,  are  the  re- 
sult of  the  same  principles,  that  is,  that  the  sil- 
ver drives  the  eledlric  fluid  into  the  zinc  in  such 
a  ratio  as  to  produce  a  tension  of  about  the  sixtieth 
part  of  a  degree  of  positive  eledlricity  in  the  lat» 
ter  of  these  metals,  and  of  negative  electricity  in 
the  former.  This  tension  is  produced  by  a  dosa 
of  the  eleAric  fluid,  communicated  by  one  of  the 
plates  to  the  other,  which  is  the  more  consider- 
able in  proportion  as  these  plates,  by  a  due 
approximation,  and  by  a  reciprocal  counter-, 
balancing  of  each  other,  answer  the  purpose  of 
excellent  condensers.  It  is  accordingly  proved,* 
that  the  positive  eleSlrical  tension  in  the  zinc,  is, 
as  well  as  the  negative  in  the  silver,  about  the 
sixtieth  part  of  a  degree ;  and  that  it  is  main-, 
tained  in  this  state  during  the  whole  of  the  time 
that  these  two  metals  touch  each  other,  without 
having  any  communication  with  other  condensers^ 
iusceptible  of  receiving  and  transmitting  the  elec- 
tric fluid,  impelled  and  displaced  by  this  tension.'* 

VoLTA  proceeds  to  adduce  the  most  satisfac- 
tory and  conclusive  proof,  that  the  degree  of  the 
above  cited  ele6lrical  tension,  occasioned  by  the 
mutual  contadt  of  the  metals  which  have  been 
pointed  out,  is  precisely  what  he  has  stated  it  to 
be.  This  proof  he  draws  from  a  multitude  of 
other  experiments,  the  results  of  which  he  gives, 

YOL.ii,  D  made 
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made  with  several  couples  of  metallic  plates* 
After  having  pointed  out  the  most  simple  mode 
of  making  these  experiments  successfully,  he 
insists  on  the  necessity  of  placing,  between  each 
of  the  pairs  of  metallic  plates,  a  humid  layer, 
lliis  condition  is  so  essentifil,  that  it  is  impos-?- 
stble  to  obtain  an  augmentation  of  ele(9:rioviy^ 
lAiai  is,  a  tension  greater  than  the  sixtieth  part 
qf  a  degree,  with  simple  pieces  of  zinc  and  silveip 
brought  .together,  whatever  may  be  their  shapei 
and  form,  without  the  intervention  of  a.  third 
humid  condu<5lor,  endued  with  a  similar  energy^ 
This  eledtrical  augmentation  cannot  eve»  b© 
^ffe6led  by  the  aggregation. of  three,  or  of  seve-* 
ral  metals,  with  the  intervention  of  humid-  oon-r 
duiftors,  inasmuch  as  ther^  exists  a  certain  ratio 
between  the  metallic  conductors  of  the  firs* 
class,  relatively  to  the  force  with  which  they 
impel  the  eledlric  fluid,  the  one  into  the  other. 
The  force,  or  impulsion,  given  by  two  metals  to 
ifehe  elecftric  fluid,  is,  according  to  Volta,  equal 
{o  the  sum  of  the  forces  of  those  which  are 
found  in  the  series,  or  graduated  scale,  between 
these  tvm  metals.  Thus,  whether  the  interme- 
diate metals  do,  or  do  not,  enter  into  the  appa- 
ratus construdlcd  simply  of  metallic  substances^ 
or  whether  they  are  all  of  them  interposed  be- 
tween the  two  by  which  the  extremities  are 
formed,  or,  lastly,  whether  a  part  of  them  only 

be 
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be  thus  interposed ;  whatever  disposition  of  them 
may,  in  short,  be  made,  there  will  not  be  any 
dhange  in  the  electric  force,  which  will  be  abso- 
lutely the  same  as  when 'the  first  of  the  metals 
in  the  series  is  iri  immediate  conta6l  with  the 
last. 

VoLTA  speaks  of  a  discovery  which  still  fe-: 
mains  to  be  made,  and  which,  however  difficult 
it  may  appear,  miay,  notwith3tanding,  in  his  opi-^ 
nicm,  be  efFe<fted,  namely,  that  of .  a  new  eleRro^ 
motor^  composed  entirely  of  solid  substances. 
*^  Would  it  not  suffice  for  this  puri^se,"  he  ob- 
serves, "  to  fit>d  a  solid  condudlor,  either  deprived 
of  every  force  of  impulsion,  or  possessing  it  in> 
any  other  point  of  view  except  in  the  one  I  have 
cited,  which  should  be  made  to  supply  the  place 
of  the  humid  conductors,  between  the  comrtfion 
pairs  of  plates  of  diverse  metals?  The  corre^ 
spondence  of  aftion  and  of  force,  inherent  in 
metaf^,  has  been  inefFeSually  sought  in  the  sjub- 
stiances  which  hold  an  intermediate  station  b^-^ 
tween  them  and  fluid  bodies." 

Our  naturalist  proceeds  to  inquire,  whether  the 
ratio  which  subsists  in" the  ele6lrical  impulsive  force 
of  the  condu6lors  of  the  first  class,  and  which  does 
not  extend  from  that  class  to  the  second,  is  to  be 
again  found  among  the  conductors  of  theiattef 
order,  when  reciprocally  compared'  with  each 
0th^r .     He'  observes  that,  even  on  the  supposi.^ 

p2  tion 
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tion  of  this  ratio,  it  would  .be  impossible  to  form, 
with  these  substances  alone,  in  the  same  way  as 
with  simple  metals,  an  instrument  possessing  a 
sufficient  energy  to  pmduce  the  shocks  and 
pparks.  Nature  has  confined  this  inestimable 
advantage  to  the  eledlrical  organs  of  the  torpedo, 
and  of  the  Surinam  eel,  gymnotm  eleSlrictis, 
which  are  entirely  composed  of  humid  conduc-r 
tors,  without  any  metallic  portions.  This  arti-^ 
Jice^  observes  Volt  a,  we  shall j  according  to  every 
probability y  one  day  contrive  to  imitate. 

We  must  a)nsequently  either  suppose,  in  these 
bodies,  a  different  ratio  in  their  ele<ftrical  adlions, 
or  admit,  in  the  second  class,  a  sub-division,  a 
third  class  of  condudlors,  which  may  accord  rer 
ciprocally  in  the  exercise  of  the  impulsive  power, 
at  the  same  time  that  they  are  not  in  agreement 
with  the  humid  conductors,  or  condu6lors  of  the 
jsecond  class. 

VoLTA  concludes  by  giving  it  as  his  opinion, 
that  the  composition  of  this  third  class  of  sub- 
stances, which  are  at  the  same  time  conduiftors 
and  motors,  may  be  formed  by  substances  drawn 
from  a  humour,  which,  as  it  coagulates  and 
becomes  fixed  in  a  degree  imperceptible  to  our 
censes,  cannot  with  propriety  be  denominated  a 
humid  substance.  It  is  presumable,  according  to 
him,  that  in  the  eledtric  organs  of  the  torpedo, 
the  small  layers,  or  pellicles,  placed  one  above 

the 
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the  other  in  each  of  the  columns,  are  alternately 
formed  of  condu6lors>  partly  belonging  to  the 
second,  arid  partly  to  the  third  class,  arranged  in 
suqh  a  way  as  that  each  layer,  or  heterogeneous 
pair  of  the  third  class,  is  separated  by  a  conduc- 
tor, that  is^  by  a  humid  layer,  belonging  to  the 
second  class.  "  Such  is,"  observes  he,  "  the 
idea  I  have  conceived  of  the  ele6lric  organ  of  the 
torpedo,  solely  composed  of  condudling  sub- 
stances. This  organ  cannot  otherwise  be  com- 
pared than  to  an  eledlrical  apparatus,  the  con- 
stru<5lionj  form^  and  efFedls  of  which  are  nearly 
similar/* 

We  hiave  thus  given  the  substance  of  Pro- 
fessor Volta's  memoir,  without  omitting  any  of 
the  essential  'points  which  tend  to  establish  the 
new  theory  he  has  adopted*  We  are^  never- 
theless, of  opiniofi,  that^  to  comprehend  it  fully^ 
It  is  riecessaryj  as  has  already  been  observed^  that 
bur  readers  should  pefuse  the  memoir  itself>  and 
this  for  the  following  reasons :  because  it  con-^ 
tains  a  chain  of  fads  and  arguments  the  whole 
of  which  could  not  have  been  introduced  into 
^ny  cxtra6l  or  analysis  x  and  because  its  author^ 
in  propounding  his  ideas'j  frequently  refers  his 
reader  from  one  sedlion  to  another.  The  extradl^ 
however,  which  will  be  given  hereafter  of  M* 
Van  Marum^s  letter  to  Professor  Volta^  will 
tlirow  a  new  light  on  the  above  theoryj  and 

Ti  S  render 
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Irender  it  more  sensible  to  the  perceptions.  It  is 
necessary,  in  the  mean  time,  to  say  something 
of  the  interesting  report  made  to  the  French 
National  Institute  on  the  memoir  in  question. 

As  soon  as  it  had  been  read  by  its  author^ 
a  commission  *  was  appointed  by  the  Institute  ; 
and  the  report  was  made  on  the  2d  of  December, 
1801 J  by  BioT,  one  of  the  members.  The  re- 
plorter  sets  out  by  observing,  that  Volta  bad 
been  the  first  to  announce,  that  the  animal  arc 
which  he  had  introduced  into  his  experiments^ 
was  almost  exclusively  calculated  to  receive  and 
manifest  the  galvanic  influence,  but  was  very 
little,  if  at  all,  concerned  in  its  produ<Slion  ;  and 
likewise,  that  the  muscular  irritation,  which  had 
been  originally  considered  as  the  important  part 
of  the  phenomenon,  was,  in  his  opinion,  merely 
•an  effeSi  of  the  eledlrical  a<5lion,  produced  by 
the  mutual  Conta6l  of  the  metals  of  which  the 
exciting  arc  is  formed.  This  opihion,  while  it 
found  Several  partisans,  having  been  strongly 
^  controverted  by  other  physiologists,  gave  rise  to 
a  great  variety  of  experiments,  which,  however, 
had  not  afforded  any  decisive  or  positive  result. 


*  The  commission  was  composed  of  the  following  very  rC" 
speftable  names:  Laplace,  Coulomb,  Halle,  Monge, 
FouncROY,  VAuauELiN,  Pelletan,  Charles,  Brisson, 
Sabatibr,  Guyton,  and  Biot. 

when 
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'^frhen  the  forriier  report  *  was  made  by  M.  Hallbi 
to  thedass  of  mathematical  and  physical  sciences. 

The  researches  by  which  Volta^  iti  pursaing; 
the  route  he  had  traeed  out,  endeavoured  to  at- 
tach to  his  early  discovery  all  the  .  phenomeM 
which  gftlvanisih  presents,  were  not  known  it 
that  time.  This  learned  naturalist  has  since 
cbiftmunicated  several  others  of  ati  equal  im^ 
portance,  which  he  has  endeavoured  to  conne<ft 
by  a  very  ingenious  theory.  "If  any  thing,*' 
observes  the  reporter,  "  still  remains  to  be  done» 
to  asceitain  with  precision  the  laws  of  this  singu«» 
lar  a6lidn,  and  to  subje6l:  them  to  a  Hgorous  caU 
cutation^  the  principal  fa6ls  on  which  it  is  founded. 
Appear,  at  the  least,  to  have  been  invariably 
fixed.** 

The  commission  now  proceeds  to  give  an  io- 
count  6f  the  fundamental  experimetits  of  Pro- 
fessor VoLTA;  of  the  application  he  made  of 
them  in  establishing  his  thi^ory ;  atid  of  the 
readiness  with  which  he  repeated  them  several 
times  before  the  members  of  the.  commission^ 
who  wa^e  thus  enabled  to  asoai:ain  the  truth  aiid 
precision  of  the  results. 

The  principal  fa6V,  from  which  all  the  bthars 
are  derived,  has  been  already  toudied  upon  in 
the  extradl  we  have  given  above  from  Voi^ta's 

tf  *  ■■>        I        H  i    111  I    I   I  !■  ^7    wi  Jp      ifc       I      n        I  III        ■    III!  ■  I    ■■  ■  ■      mm  *  %  v  ^^ttm^^m^mmtmtmtmmm^ 

^  Sdd  td«  i.  p.  363 f  ^  tbU  worlt. 
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memoir.  It  is,  however,  essential  that  it  should 
be  more  particularly  adverted  to  in  this  place. 
It  is  as  follows :  If  two  diverse  metals,  insulated^ 
and  possessing  their  natural  quantity  only  of 
eledlricity,  h^  brought  in  contadt,  it  will  be  found 
that,  as  soon  as  they  are  withdrawn  from  this 
contadl,  they  will  possess  different  states  of  dec- 
-tricity,  or,  in  other  words,  one  of  them  will  be 
in  the  positive,  the  other  in  the  negative  state* 
Thus,  in  the  mutual  contadt  of  copper  and  zinc, 
4Jie  copper  becomes  negative,  as  to  its  dedlricity, 
•find  the  zinc  positive.  The  development  of  the 
•dedlric  fluid  is  consequently  independent  of  any 
humid  condudlor.  All  the  other  fads  connected 
with  this  leading  one,  the  commission  ascer- 
tained to  be  incontestible.  The  reporter  next 
adverts  to  the  mode  in  which  the  above  fadls  are 
explained  by  Volta,  who  establishes  between 
them  and  the  principal  one  an  intimate  connec- 
tion. He  shews  how  easy  it  is,  according  to  the 
'theory  of  this  great  naturalist,  to  explain  his 
pile ;  and,  to  do  this  with  a  greater  degree  of 
aiinplicity,  supposes  it  to  be  fixed  on  an  insulator. 
He  represents  by  unity,  the  excess  of  eledlricity 
which  a  piece  of  zinc  has  over  a  piece  of  copper, 
when  the  Jtwo  metals  are  brought  into  diredl 
^optadt. 

VoLTA  likewise  makes  two  suppositions,  the 
$rst  of  which  is^  that  the  galvanic  fluid  is  trans- 
mitted 
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initted  from  one  pair  of  plates  to  another^  in 
the  insulated  pile,  through  the  bits  of  moistened 
pasteboard^  even  when  there  does  not  exist  any 
communication  between  the  two  extremities  of 
the  pile.  The  second  supposition  is^  that  the 
excess  of  ele<Slricity  which  the  zinc  takes  from 
the  copper,  is,  relatively  to  these  two  metals, 
invariable,  whether  they  are,  or  are  not,  in  their 
pure  and  natural  state.  Volta  founds  the  first 
of  these  suppositions  on  an  experiment,  in  which ' 
the  condenser  becomes  charged,  when  the  col- 
lating plate,  covered  by  a  piece  of  wetted  paper, 
is  touched  by  the  copper  extremity  of  a  metallic 
plate,  the  other  extremity  of  which,  made  of 
zinc,  is  held  between  the  fingers.  *^  With  re- 
upeS.  to  the  second  proposition,"  observes  the 
reporter,  ^^  it  is  as  simple  as  can  possibly  be  ima- 
gined. It  requires,  however,  he  adds,  a  series  of 
very  nice  experiments,  which  we  have  not  as 
yet  had  an  opportunity  to  make,  to  ascertain  the 
precise  degree  in  which  it  is  conformable  to  Na- 
ture.** 

He  afterwards  observes,  that  the  same  theory 
is  likewise  applicable  to  any  two  metallic  sub- 
stances whatever  of  which  the  pile  may  be  com- 
posed ;  and  that  the  effeds  of  the  different  forms 
which  may  be  given  to  the  apparatus  employed 
for  its  constru6lion,  will  depend  on  the  diffe- 
rences of  the  ele<5lricity  which  njay  ensue^  at  the 

instant 
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instant  of  oontatSl.  This  equally  holds  good 
with  respeft  to  all  other  substances^  between 
which  there  may  subsist  an  analogoua  action. 
Thus,  notwithstanding  this  aiftron  rhay  in  gene*- 
tal  appear  very  weak  between  fluids  ^and  metallic 
^tthstances,  there  are  still  several  of  the  former^ 
wch  as  the  alkaline  «ulphurets^  which^  when 
combined  with  metals,  have  a  very  Sensible 
action, '  In  this  way  the  English  experimenters 
*  have  socceeded  in  supplying  one  of  the  metallic 
elements  of  th6  pile  by  the  above  sulphurets. 
M.  Pfapf  has  likewise  applied  them  to  this  use 
in  his  experiments. 

On  this  head.  Professor  Volta  lias  discovered 
•ft  very  singular  relation  between  metallic  sub- 
itslnces.  by  which  the  constru6Hon  of  a  pile,  with 
these  substances  alone,  is  rendered  impra6licable. 
It  has  been  seen,  in  the  analysis  of  the  memoir 
itself,  that  Volta  divides  the  conductors  into 
two  classes,  the  former  of  which  comprehends 
^lids,  and  the  latter  fluid  bodies.  It  has  been 
hitherto  impossible  to  constru6l  an  apparatus  in 
the  form  of  a  pile,  in  any  other  way  than  by  a 
due  and  appropriate  assemblage  of  conductors  of 
the  two  classes  above  cited.  That  it  is  utterly 
impra6ticable  with  the  former  of  them,  has  been 
fully  demonstrated  ;  but  the  reciprocal  acSlion  of 
the  substances  of  which  the  second  class  is  com- 
posed^ is  not  as  yet  suflSciently  understocxl,  to 

enable 
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«n»ble  naturalirts  to  decide  whether  this^  {a£t  is 

^ually  applicable  to  them. 

^^  Such  is  pretty  nearly,'*  observes  the  t-e- 
porteTj  ^'  the  summary  of  the  theory  o(  Volta, 
relatively  to  the  eleAricity  which  has  been  de- 
Bominated  galvanic.  Its  aim  has  been  to  reduoe 
aD  the  phenomena  to  a  single  one,  the  existence 
of  which  is  now  well  established.  It  consists  of 
the  development  of  metallic  ele<Sricity,  by  the 
mutual  contaA  of  metals.  It  seems  to  be 
proved,  by  the  experiments  of  this  naturalist^ 
that  the  fluid  to  which  the  mu^ular  contrac- 
tions, and  the  phenomena  of  the  pile,  are 
ascribable,  notwithstanding  it  has  long  been 
considered  as  a  particular  fluid — a  fluid  sui  ge^ 
neris — ^is  merely  the  common  electric  fluid,  put 
in  aiSiion  by  a  cause  the  nature  of  which  is  un- 
known,  but  the  effedls  of  which  we  evidently 

"  After  having  found,  and  estimated,  as  it 
were,  by  approximation,  the  mutual  adlion  of 
the  metallic  elements,  it  remains  that  it  should 
be  ascertained  in  a  precise  manner,  and  that  an 
inquiry  should  be  made,  whether  it  is  fixed  and 
invariable  in  metallic  substances  of  the  same  na- 
ture, or  whether,  on  the  other  hand,  it  varies 
with  the  qualities  of  the  eleftricity  they  contain, 
as  well  as  with  their  temperature.  It  is  neces- 
sary to  calculate,  with  an  equal  degree  of  pre- 
cision. 
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cision^  the  appropriate  action  which  fluid  bodies 
have  on  each  other,  and  on  metallic  substances^ 
We  shall  then  be  enabled  to  form,  an  estimate  on 
exadl  data,  and  reduce  the  distribution  and  mo- 
tion of  the  ele6lricity,  in  the  apparatus  of  Pro- 
fessor Volt  A,  to  the  true  law  which  they  obey, 
thus  completing  the  explanation  of  the  pheno- 
mena the  pile  presents.  These  nice  researches 
require,  however,  a  recourse  to  the  nicest  in- 
struments which  naturalists  have  contrived,  to 
measure  the  force  of  the  elecSlric  fluid.  Finally, 
it  remains  to  inquire  into  the  chemical  efFecfts  of 
this  elecftric  current ;  into  its  adlion  on  the  ani- 
mal economy  ;  and  into  its  degree  of  similitude 
with  the  eledlricity  of  minerals  and  fishes.  These 
researches  cannot  fail  to  be  highly  interesting." 

The  reporter,  M.  Biof,  concludes  by  a  rapid 
view  of  the  progress  of  eledlricity,  from  its  origin 
to  the  discovery  of  the  galvanic  phenomena.  These 
phenomena,  he  observes,  which  are  stamped  by  so 
many  singularities,  and  which  are  so  ditFerent  in 
appearance  from  whatever  had  been  heretofore 
known,  led  to  the  matchless  discovery  of  Professor 
VoLTA,  and  enabled  him  to  apply  them  to  the 
construdion  of  an  apparatus,  calculated  to  aug- 
ment their  force  at  pleasure,  and  to  conne6t  them, 
by  certain  results,  with  other  phenomena,  of  in.- 
fmite  importance  both  to  chemistry  and  to  the 
animal  economy. 

In 
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In  three  notes,  by  which  the  report  is  termi- 
nated, several  of  the  phenomena  of  the  Voltaic 
pile  are  subjedled  to  a  nice  calculation.  Several 
others,  M.  Biot  observes,  may  be  calculated  in 
the  same  way ;  but,  to  the  end  that  the  data 
may  be  exafl,  it  is  necessary  that  the  experi- 
^nents  should  be  made  with  the  utmost  precision. 
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CHAP.  XV. 

Ifiteresdng  inquiries  on  galvanism^  made  by  British 
philosophers  since  the  discovery  of  the  P^oltaic 
pile. 

NO  sooner  had  the  discovery  of  the  pile 
been  announced,  in  the  letter,  referred  to  in 
our  last  chapter,  from  Professor  Volta  to  Sir 
Joseph  Banks,  than  it  excited  a  general  interest 
among  the  British  philosophers,  a  summary  of 
whose  inquiries  we  now  proceed  to  give,  We 
begin  by  extradting  the  following  article  from 
Tilloch's  Philosophical  Magazine*, 

**  Mr.  A.  Carlisle,  surgeon,  having  been  fa- 
voured with  a  perusal  of  the  above  letter,  by  the 
very  respe6lable  President  of  the  Royal  Society, 
repeated,  in  conjunction  with  Mr.  Nicholson, 
of  Soho-square,  the  experiments  of  Professor 
Volta,  and  obtained  similar  results.  At  a  very 
early  part  of  the  investigation,  the  pile  having 
been  formed,  and  the  contacts  secured  by  placing 
a  drop  of  water  upon  the  upper  plate  of  the  pile, 
Mr,  Carlisle  observed  a  disengagement  of  gas 


*  Vol.  vii,  p.  337. 

round 


roond  the  condiu^ng  wire*    This  gas,  though 

sninute  in  quantity,  seemed  to  Mr.  Nich,olsom 

to  have  the  smell  of  hydrogen,  when  the  wire  of 

-communication  was  steel.   This,  with  some  other 

fadls,  led  him  to  propose  to  break  the  circuit,  by 

the  substitution  of  a  tube  of  water  between  two 

wires.     Accordingly,  a  brass  wire  through  each 

of  two  corks  was  inserted  at  the  opposite  ends 

of  a  glass  tube  about  half  an-  inch  in  diameter j 

tilled  between  the  corks-  with  water :  the  distance 

between  the  points  of  the  wires  in  the  water,  was 

about  an  inch  and  three  quarters. 

'*  This  compound  discharger  was  applied  so 
that  the  external  ends  of  its  wire  were  in.  contact 
with  the  two  extreme  plates  of  a  pile  of  thirty- 
s}x  half-crowns  with  the  correspondent  pieces  of 
zinc  and  pasteboard.  A  fine  stream  of  minute 
bubbles  immediately  began  to  flow  from  the  point 
of  the  lower  wire  in  Hie  tube,  which  communi- 
cated with  the  silver,  and  the  opposite  point  of 
the  upper,  wire  became  tarnished,  first  deep 
orange,  and  then  black.  On  reversing  the  tube, 
the  gas  came  from  the  other  point,  which  was 
now  lowest,  while  the  upper,  in  its  turn,  became 
tarnished  and  black.  Reversing  the  tube  again, 
the  phenomena  again  changed  their  order.  In 
this  state  the  whole  was  left  for  two  hours  and 
a  half.  The  upper  wire  gradually  emitted  whitish 
§lmy  clouds,   which,   towards  the  end  of  the 

process. 


46  GALVANIC  INQUIRIES   OF 

• 

process,  became  of  a  pea-green  colour,  and 
hung  in  perpendicular  threads  from  the  extreme 
half  inch  of  the  wire,  the  water  being  rendered 
semi-opaque  by  what  fell  off,  and  in  a  great  part 
lay,  of  a  pale  green,  on  the  lower  surface  of  the 
tube,  which,  in  this  disposition  of  the  apparatus, 
was  inclined  about  forty  degrees  to  the  horizon. 
The  lower  wire,  three  quarters  of  an  ioch  long, 
constantly  emitted  gas,  except  when  another 
circuit,  or  complete  wire,  was  applied  to  the  ap* 
paratus ;  during  which  time  the  emission  of  gas 
was  suspended.  When  this  last  mentioned  wire 
was  i^emoved,  the  gas  re-appeared  as  before,  not 
instantly,  but  after  the  lapse  of  four  beats  of  a 
half-second  clock  standing  in  the  room.  The 
produ6l  of  gas,  during  the  whole  two  hours  and 
a  half,  was  two-thirtieths  of  a  cubic  inch.  It 
was  then  mixed  with  an  equal  quantity  of  com- 
mon air,  and  exploded  by  the  application  of  a 
lighted  waxed  thread. 

"  To  have  reversed  the  tube  would  have  an- 
swered the  same  purpose,  but  they  chose  to  do 
this,  and  found  that,  when  the  zinc  was  at  tht 
bottom,  its  efFedls  were  reversed ;  that  is  to  say, 
the  gas  still  came  from  the  wire  communicating 
with  the,  silver,  &c. 

"  Messrs.  Carlisle  and  Nicholson  were  led, 
by  reasoning  on  the  first  appearance  of  hydrogen, 
to  expert  a  decomposition  of  water ;  but  it  was 

with 
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tvith  hOi  little  surprize  that  they  found  the  hydro- 
gen extricated  at  the  conta6l  with  one  wire, 
while  the  oxygen  fixed  itself  in  combination  \Vith 
the .  Qther  wit-e  at  the  distance!  of  almost  two 
inchets.  As  the  distance  between  the  wires 
formed  a  striking  feature  in  this  result,  it  became 
desirable  to  ascertain  whether  it  would  take  place 
to  greater  distances.  When  a  tube  three  quar- 
ters of  an  inch  in  diameter,  and  thirtv-six  inches 
long,  Wais  made  use  ef,  the  efFe6t  failed,  though 
thie  very  same  wires,  inserted  into  a  shorter  tube, 
operated  very  briskly. 

"  The  experiment  being  tried  with  tin6lure  of 
litmus  in  place  of  water,  and  the  oxydating 
wire,  namelyj  from  the  ^inc  side,  being  lovVest  in 
the  tube^  it  changed  the'  tih6ture  red  iri  about 
ten  minutes  as  high  as  the  upper  extremity  of 
thfe  wife.  The  other  portion  remained  blue. 
Hence  it  seems  either  an  acid  was  formed,  or 
that  a  portion  of  the  oxygen  combined  with  the 
litmus,  so  as  to  produce  the  efFedl  of  an  acid. 

*^  It  may  be  here  offered  as  a  general  remark, 
that  the  eledlric  pile  with  card,  or  with  woollen 
cloth,  continues  rn  order  for  about  two  days,  or 
scarcely  three ;  that,  from  a  series  of  glasses  set 
up  by  Mr.  Carlisle,  as  well  as  from  the  pile 
itself^  it  appears  that  the  same  process  of  decom- 
position of  water  is  carried  on  between  each  pair 
of  plates,  the  zinc  being  oxyded  on  the  wet  face, 

voii.ii,  E  and 
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and  hydrogen  given  out ;  that  the  common  salt 
is  decomposed,  and  exhibits  an  efHorescence  of 
soda  round  the  edges  of  the  pile,  extruded,  most 
probably,  by  the  hydrogen :  and  that,  on  ac- 
count of  the  corrosion  of  the  surfaces  of  the  zinc, 
it  is  necessary  to  renew  them  previously  to  each 
constru6lion  of  the  pile.  This  miay  be  done  by 
-scraping  or  grinding. 

*^  By  several  accurate  and  well  condu<fted  ex- 
periments, Mr.  Nicholson  ascertained  that  the 
electricity  of  the  zinc  was  plus,  and  that  of  the 
silver  minus,  whichever  of  them  were  at  the  top 
of  the  pile.  The  eledlric  spark  was  even  ren- 
dered visible  ;  so  that  there  can  be  no  doubt  of 

• 

the  identity  of  the  electric  and  galvanic  fluids. 

^^  The  decomposition  of  water,  and  oxydation 
of  metallic  wire,  suggested  otlier  experiments. 
Two  small  wires  of  platina  were  inserted,  as  be- 
fore, in  a  short  tube.  When  the  connexion 
with  the  pile  was  formed,  the  wire  from  the  sil- 
ver gave  a  plentiful  stream  of  gas,  and  that  from 
.the  zinc  a  smaller  one.  In  four  hours,  neither 
turbidness,  oxydation,  nor  tarnish  appeared. 
The  larger  stream  was  naturally  supposed  to  be 
hydrogen,  the  smaller  oxygen. 

^^  With  thick  gold  leaf,  instead  of  platina,  the 
result  was  the  same,  or}(ly  the  extremity  of  the 
slip  conncde^  with  the  zinc  acquired  a  coppery 
or  purplish  tinge. 

**  A  brass 
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^  A  brass  wire  was  substituted  for  one  of  the 
slips  of  gold.  When  the  former  w&s  joined  to 
the  silver  end,  the  two  streams  were  extricated 
as  before ;  but  when  joined  to  the  zinc,  it  became 
oxyded,  as  when  both  the  wires  were  of  brass. 

"  The  simple  decomposition  of  water  by  pla- 
tina  wires,  without  oxydation,  offered  a  means  of 
obtaining  the   gases  separate  from   each   otheri 
This  was  tried  with  a  pile  of  sixty-eight  sets.    A 
wire  from  each  end  of  the  pile  passed  under  Se-* 
parate  phials  full  of  water  inverted  in  a  saucer  oi 
water.     A  cloud  of  gas  arose  from  each  wire,  but 
most   from   the  silver  or  minus  side.     Bubbles 
were  extricated  from  all  parts  of  the  water^  and 
adhered  to  the  whole  internal  surface  of  the  ves- 
sels.    The  process  was   continued   for  thirteen 
hours,  after  which   the  wires  were  disengaged, 
and  the  gases   decanted   into   separate  bottles. 
On   measuring  the  quantities,  which  was  done 
by  weighing  the  bottles,  it  was  found  that  the 
quantities  of  water  displaced  by  the  gases  were, 
respedlively,  72  grains  by  the  gas  from  the  zinc 
side,  and  142  grains  by  the  gas  from  the  silver 
side  ;  so  that  the  whole  volume  of  gas  was  I.17 
cubic   inches,  or   near   an  inch  and  a  quarter. 
These  are  nearly  the  proportions  in  bulk  of  what 
are  stated  to  be  the  component  parts  of  water. 
The  gas  from  the  zinc  side  being  tried  with  6ne 
measure  of  nitrous  gas,  contraded  to  1 .25,  and 

E2  did 
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did  not  contradt  more  by  the  addition  of  another 
measure ;  the  gas  from  the  silver  side,  by  the 
same  treatment,  contradled  to  l  .6.  The  air  of  the 
room,  on  trial,  contradled  to  1.28.  From  the 
smallness  of  the  quantity,  no  attempt  was  made 
to  detonate  the  air  from  the  zinc  side ;  but  a 
portion  of  that  from  the  silver  side,  being  mixed 
with  one  side  of  atmospheric  air,  gave  a  loud 
detojnation. 

"  Upon  the  above  it  may  be  remarked,  that 
it  does  not  seem  probable  that  oxygen  was 
afforded  by  both  wires,  but  that  they  were 
mixed  by  the  circumstances  of  the  experiment. 

"  Mr.  Cruickshank,  of  Woolwich,  also  made 
some  interesting  experiments  on  this  subjeA,^ 
He  employed  plates  of  zinc  and  silver  about  1.6 
inches  square  ;  and  the  number  of  each  varied 
from  40  to  100,  according  to  the  power  re- 
quired. He  used  silver  wire  both  from  the  zinc 
and  silver  plate  in  his  first  experiments ;  but  to 
distinguish  the  ends  of  the  pile,  that  wire  only 
is  called  the  silver  wire,  which  was  connedted 
with  the  silver  plate  ;  the  other  wire  he  calls  (to 
save  circumlocution)  the  zinc  wire.  These  wires 
were  passed  through  corks  fitted  into  a  glass 
tube  filled  with  water,  and  one  of  the  corks  made 
perfedly  tight  by  means  of  cement.  The  tube 
was  then  placed  upright  in  a  cup  containing 
water,   with   the   uncemcnted  end   downwards. 

As 
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As  soon  as  the  communication  was  made  be- 
tween the  extremities  of  the  pile  by  the  wires, 
a  quantity  of  small  air-bubbles  began  to  ascend 
from  the  end  of  the  wire  conne^ed  with  the  sil- 
ver, as  observed  by  Messrs.  Nicholson  and 
Carlisle  ;  but  a  white  cloud  at  the  same  time 
made  its  appearance  at  the  one  proceeding  from 
the  zinc,  or  the  zinc  wire.  This  cloud  gradu- 
ally increased,  ^nd  assumed  a  darker  colour,  and 
at  last  it  became  purple,  or  even  black.  A  very 
few  air-bubbles  were  likewise  colledled  upon, 
and  ascended  from  this  wire ;  but  when  the  ma- 
chine wag  in  full  force,  a  considerable  stream 
could  be  observed. 

*^  The  gas  was  collected,  and  found  to  be  a 
mixture  of  hydrogen  and  oxygen,  in  the  propor- 
tion of  three  parts  of  the  former  to  one  of  the 
latter.  No  great  dependence,  however,  was 
placed  upon  this  in  point  of  accuracy.  The 
zina  wire  was  found  to  be  much  corroded,  and 
looked  as  if  a  considerable  portion  of  it  had  been 
dissolved.  As  the  cloud  which  was  formed 
around  this  wire  became  purple  on  exposure  to 
the  light,  Mr.  Cruickshank  suspected  it  might 
be  iuna  cornea,  or  muriat  of  silver  proceeding 
from  the  silver,  which  had  been  somehow  dis-^ 
solved,  and  afterwards  precipitated  in  this  state^ 
by  the  muriatic  salts  in  the  common  water. 

f^  Pistilled  water,  to  \^hich  a  little  tincture  of 

^  3  litmus 
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litmus  was  added,  was  next  employed  in  the  tulxft. 
Gas  arose  from  both  wires,  but  in  the  greatest 
quantity  from  the  silver  wire.  In  a  short  time, 
the  whole  fluid  below  tiie  point  of  the  zinc  wire 
became  red,  and  the  fluid  above  the  silver  wire 
looked  of  a  deeper  blue  than  before,  the  slight 
tinge  of  purple  being  destroyed. 

*'  Distilled  water,  tinged  with  Brazil  wood, 
soon  became  of  as  deep  a  purple  as  could  be 
produced  by  ammonia,  while  the  portion  of  the 
fluid  round  the  zinc  wire  became  very  pale. 
Prom  these  experiments  it  appears  to  Mr. 
Cruickshank,  that  an  acid,  probably  the  nitrous, 
is  produced  at  the  wire  connedted  with  the  zinc, 
and  an  alkali,  probably  ammonia,  at  that  con* 
nedled  with  the  silver  end  of  the  pile. 

"  When  lime-water  was  employed,  the  wira 
was  likewise  a6led  upon,  but  in  a  less  degree. 
The  cloud  at  first  had  an  olive  colour,  exadlly 
resembling  the  precipitate  of  silver  by  lime-water. 

"  In  these  experiments  the  quantity  of  silver 
dissolved  was  considerable,  and,  where  water 
was  employed,  a  portion  of  it  remained  in  solu- 
tion, which  was  proved  by  adding  muriatic  acid. 
More  would  probably  have  been  suspended,  but 
that  an  evident  precipitation  near  the  upper  ex- 
tremity of  the  zinc  wire,  was  occasioned  by  the 
alkali  generated  by  the  process. 

*^  As  hydrogen  gas,  when  heated,  or  in  its 

nascent 
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nascent  state,  reduces  metallic  oxyds,  Mr.  Cruick- 
SHANK  filled  the  glass  tube  with  a  solution  of  ace- 
tite  of  lead,  to  separate  the  hydrogen  from  the 
oxygen,  and  thus  obtain  the  latter  pure.  An 
excess  of  acid  was  added  to  the  acetite  to  take 
up  the  alkali :  in  a  minute  or  two  after  the  com- 
munication was  made,  some  fine  metallic  needles, 
which  afterwards  assumed  the  form  of  a  feather, 
or  rather  that  of  the  crystals  of  ammonia,  were 
perceivable  at  the  end  of  the  silver  wire.  The 
lead  was  in  its  metallic  state. 

*^  Solutions  of  sulphat  of  copper  and  nitrat 
of  silver,  were  tried  in  the  same  way,  and  with 
similar  results.     The  mqtals  were  revived. 

^^  When  pure  water,  mixed  with  distilled  vine- 
gar, or  with  a  very  little  sulphuric  acid,  were  em-» 
ployed  in  the  tube,  metallic  silver  was  precipi-r 
tated  by  the  silver  wire,  the  acid  employed  pre- 
venting the  alkali  from  precipitating  the  silver 
dissolved  by  the  generated  acid  ;  in  consequence 
of  which,  when  a  suflBcient  quantity  of  the  metal 
was  taken  up,  it  was  again  thrown  down  by  th§ 
silver  wire  in  its  metallic  form. 

**  Muriat  of  ammonia  in  solution  being  tried, 
a  little  gas  was  disengaged  from  the  silver  wire  : 
an  incrustation  of  luna  cornea  was  formed  round 
the  zinc  wire.  The  liquor  remaining  after  the 
experiment,  smelled  strongly  of  ammonia.  Com-? 
mon  salt  was  decomposed  also.     Indeed,  when  a 

*  K  4  solutiou 
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solution  of  miiriat  of  soda,  or  of  ammonia,  it- 
employed  to  moisten  the  papers  in  the  pile,  the 
salt  is  always  decomposed, 

"  Nitrat  of  magnesia  was  decomposed  by  the 
same  means. 

"  In  some  after  experiments  gold  wires  were 
tried,  and  the  quantity  of  oxygen  gas  obtained 
was  much  greater  than  when  silver  wires  were 
employed. 

"  Two* gold  wires  were  passed  through  a  cork 
loosely  introduced  into  the  mouth  of  a  three-r 
ounce  phial  filled  with  lime-water :  the  phial  be- 
ing inverted  over  pure  water,  the  exterior  endg 
of  the  wires  were  conne<':led  with  the  pile  in  the 
usual  way.  In  four  hours  the  phial  was  filled 
with  gas  extricated  from  the  wires,  especially  th^ 
one  connected  with  the  silver.  One  measure  of 
the  gas  being  mixed  with  two  of  nitrous  gas,  a 
diminution  of  one  measure  took  place  :  the  resi- 
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tttbe  was  then  filled  with  distilled  water,  and  the 
opening  at  the  angle  being  shut  with  the  finger, 
to  keep  in  the  water,  it  was  thus  placed  in  a  cup 
of  water  with  the  angle  downwards.     The  ex-? 
tremities  of  the  wir^  being  then  joined  to  those 
of  the  pile,  gas  was  disengaged  from  both,  but 
most  from  that  connedled  with  the  silver ;  the 
gases  were  thus  kept  distinct.     One  measure  of 
the  gas  from  the  silver  end,  mixed  with  one  of 
nitrous  gas,  gave  red  fumes,  a  diminution  of  one- 
tiurd  of  a  measure,  and  a  residuum  consisting  of 
aitrous  and  hydrogen  gas.     Two  measures  with 
one  of  oxygen  being  exploded  over  mercury,  dis- 
appeared, except  about  one-fifth  of  a  measure, 
which  by  the  nitrous  test  appeared  to  be  chiefly 
oiygen.     A  dense  white  vapour  was  perceived 
over  the  mercury  for  some  time  after  the  explo-. 
sion.     One  measure  of  the  gas  from  the  zinc, 
end,  being  mixed  with  two  of  nitrous  gas,  the 
whole  nearly  disappeared :   another  measure  of 
the  latter  being  added,  the  total  diminution  was 
nearly  three  measures. 

5^  With  platina  wires  Mr.  Cruickshank  ob- 
tained almost  similar  results.  The  one  conne6led 
with  the  zinc  end  became  tarnished ;  the  same 
thing  happened  when  gold  wires  were  used. 

"  A  solution  of  crystallized  muriat  of  lime, 
inclosed  in  a  tube  in  the  common  manner,  and 
gold  wires,   being  employed,  the  one  from. the 

silver 
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silver  gave  little  gas,  but  that  from  the  zinc  a 
considerable  quantity,  and  the  fluid  surrounding 
it  assumed  a  fine  yellow  colour,  a  solution  of  the 
gold  having  been  efFedled.  After  a  time  some 
gas  came  from  the  first  wire,  but  there  was  no 
precipitation  of  lime.  When  the  tube  was 
opened,  the  fluid  smelled  of  aqua  regia,  or  the 
oxy-muriatic  acid.  When  platina  wires  were 
employed  in  place  of  gold,  the  smell  of  nitro- 
Bfniriatic  acid  was  soon  observable,  but  no  solu- 
tion of  the  platina.  When  the  tube  was  filled 
with  a  solution  of  muriat  of  spda,  a  nitro-mu- 
riatic  acid  was  likewise  produced. 

•"  Mr.  Cruickshank  from  these  experiments 
draws  the  following  conclusions  : 

*^  1 .  That  hydrogen  gas,  mixed  with  a  very 
small  proportion  of  oxygen  and  ammonia,  is 
somehow  disengaged  at  the  wire  conne6led  with 
the  silver  extremity  of  the  machine  ;  and  that 
this  efFedl  is  equally  produced,  whatever  the  na- 
ture of  the  metallic  wire  may  be,  provided  the 
fluid  operated  upon  be  pure  water. 

"  2.  That  where  metallic  solutions  are  em- 
ployed instead  of  water,  the  same  wire  which 
separates  the  hydrogen  revives  the  metallic  calx, 
and  deposits  it  at  the  extremity  of  the  wire  in  its 
pure  metallic  state  ;  in  this  case  no  hydrogen 
gas  is  disengaged.  The  wire  employed  for  this 
purpose  may  be  of  any  metal. 

''  3.  That 
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^*  3.  That  of  the  earthy ,  solutions,  those  of 
magnesia  and  argill  only  are  decomposed  by  the 
silver  wire  ;  a  circumstance  which  strongly  fa- 
vours the  production  of  ammonia. 

^^  4.  That  when  the  wire  conne6led  with  the 
jpinc  extremity  of  the  pile  consists  either  of  gold 
or  platina,  a  quantity  of  oxygen  gas,  mixed  with 
a  little  azot  and  nitrous  acid,  is  disengaged ;  and 
the  quantity  of  gas  thus  obtained  is  a  little  better 
than  one-third  of  the  hydrogen  gas  separated  by 
the  silver  wire  at  the  same  time. 

*^  5.  That  when  the  wire  connected  with  the 
2inc  is  silver,  or  any  of  the  imperfe6l  metals,  a 
small  portion  of  the  oxygenous  gas  is  likewise 
given  out,  but  the  wire  itself  is  either  oxydated 
or  dissolved,  or  partly  oxydated  and  partly  dis- 
solved :  indeed,  the  efFedl  in  this  case,  produced 
upon  the  metal,  is  very  similar  to  that  of  the 
concentrated  nitrous  acid,  where  a  great  deal  of 
the  metal  is  oxydated,  and  but  a  small  quantity 
held  in  solution  *. 

^^  6.  That  when  the  gases,  obtained  by  gold 
or  platina  wires,  are  colledled  together  and  ex- 
ploded over  mercury,  the  whole  nearly  disappears 

*  The  great  differencte  in  the  efFe6t  produced  by  this  influ"* 
cnce  on  gold  and  silver,  which  have  always  been  considered  as 
equally  difficult  to  oxydate,  can  only  be  explained  on  the  sup- 
position/that  nitrous  acid  is  generated  -,  for  this  acid,  it  is  well 
known,  adts  powerfully  on  silver,  but  has  no  adion  whatever 
on  gold.    The  same  observation  applies  to  platina. 

and 
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and  forms  water,  with  probably  a  little  nitrbnsr 
acid,  for  there  was  always  a  thick  white  vapour 
perceived  for  some  time  after  the  explosion.  The 
residuary  gas  in  this  case  appeared  to  be  azot. 

Acid  solutions  of  metals  having  been  decora- 
posed,  Mr.  Cruick SHANK  tried  their  solution  in 
alkalis.  Pure  ammonia  was  added  to  a  dilute 
solution  of  nitrat  of  silver,  till  the  mixture 
smelled  strongly  of  the  former.  Being  put  into 
a  tube  in  the  usual  way,  with  silver  wires,  and 
the  communication  made,  a  rapid  produ6lion  of 
gas  took  place  from  the  silver  end,  but- hardly 
any  from  the  zinc.  Greyish  flashes  of  metallic 
silver  were  separated  from  the  silver  wire,  and 
on  the  zinc  wire  a  dark  grey  substance  was  de-.^' 
posited,  which,  on  afterwards  endeavouring  to 
scrape  it  off  with  the  finger,  exploded,  though 
still  moist.  The  wire  was  corroded  and  full  of 
holes.  The  fulminating  silver  of  Berthollbt 
had  in  fa6l  been  produced  in  this  experi- 
ment. 

When  pure  ammonia  was  introduced  into 
the  tube  in  place  of  the  ^solution  of  the  nitrat  of 
silver,  the  result  was  the  same — the  silver  wire 
from  the  zinc  being  corroded,  &c.  was  taken  up 
by  the  alkali,  and  afterwards  deposited  in  its  me- 
tallic form  by  the  other  wire.  To  the  first  adhered 
some  of  the  fulminating  silver,  and  a  portion  was 
also  deposited  from  the  fluid,  after  standing  some 

time. 

From 


TPtom  pure  ammonia,  with  copper  wires,  a 
<]uantity  of  very  pure  metal  was  precipitated — from 
an  ammoniacal  solution  of  copper  the  same  pure 
metallic  precipitate.  From  these  experiments 
Mr.  Cruickshank  remarks,  that  it  appears  that 
the  galvanic  influence  might  be  employed  with 
success  in  the  analysis  of  minerals. 

Pure  ammonia  being  introduced  into  a  bottle, 
and  inverted  over  the  same  fluid,  with  a  cork 
and  two  wires,  as  before  described  (the  wire  con- 
nedled  with  the  zinc  being  platina  and  the  other 
Sliver),  a  rapid  decomposition  of  the  alkali  was 
efFedled;  A  two  ounce  measure  of  gas  being  col- 
ledled  and  examined,  was  found  to  consist  of  15 
parts  of  hydrogen  gas,  13  of  azotic,  and  two 
nearly  of  oxygen  gas. 

The  nitrous  acid  seemed  to  be  little  or  not 
at  all  atfled  upon  by  the  galvanic  influence,  from 
Which  Mr.  Cruickshank  infers,  that  it  is  so  per- 
fe6l  a  condu6lor  of  the  fluid,  as  to  transmit  it  like 
metals,  without  experiencing  any  change ;  and 
this  he  thinks  may  possibly  be  owing  to  the  great 
proportion  of  oxygen  which  enters  into  its  com- 
position, having  before  remarked  that  all  fluids, 
containing  little  or  no  oxygen,  are  non-con- 
dudlors,  or  nearly  so. 

The  corroded  matters  generated  at  the  wire 
connedled  with  the  zinc  are  not,  Mr.  Cruick- 
shank  observes,    pure  oxyds;    and   it  follows 

that 
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that  an  acid^  as  before  mentioned,  and  probably 
the  nitrous  is  produced  ;  for  all  the  green  oxyds 
of  copper  contain  an  acid  of  some  kind  or  other, 
the  pure  oxyds  of  that  m^tal  being  either  dark 
red  or  deep  brown. 

By  the  employment  of  a  galvanic  battery,  con-» 
sisting  of  several  troughs*  of  his  own  invention, 
Mr.  Cbuickshank  succeeded  in  exploding  a  mix- 
ture of  oxygen  and  hydrogen  gases,  by  the  means 
of  the  galvanic  spark.  Mr.  Bolton,  of  Birming* 
ham,  whose  pile  consisted  of  fifteen  hundred 
pairs  of  plates,  likewise  produced  sparks  of  an 
equal  intensity. 

Shortly  after  the  Voltaic  pile  had  been  thus  im- 
proved by  Mr.  Cruickshank,  several  very  in- 
teresting experiments  were  made  by  a  body  of 
scientific  gentlemen  in  the  capital,  wiio  assembled 
under  the  denomination  of  tiic  Askesian  So- 
ciety."^ The  trough  which  was  employed  on  this 
occasion,  consisted  of  sixty  pieces  of  silver,  and 
an  equal  number  of  pieces  of  zinc,  each  of  them 
two  inches  and  a  quarter  square.  The  shock 
produced  by  this  trough,  by  the  means  of  two 
metallic  condu6tors,  was  distinflly  felt  in  the 
•boulders  ;  the  contradlion,  or  spasm,   being  at 


♦  The  constm6\ion  of  these  troughs  will  be  described  in  the 
Amrth  and  last  part  of  this  work. 
f  ?lul.M8g.  vol.  X.  p.  371. 

the 


"ftlie  same  time  so  violent,  as  to  disable  the  ope- 
rator from  holding  the  condudtors,  when  they 
•^wrere  in  contadl  with  the  plates,  by  which  the 
-trough  was  terminated  at  each  side.  A  sensation 
resembling  that  produced  by  a  highly  heated 
-fluid  was  likewise  felt  in  the  wrists  and  fore- 
arm. 

A  small  piece  of  steel  wire  having  been  made 
-a  conduftor^  to  unite  the  end  pieces^  on  the  con- 
'ta6l  being  efFedted,  a  bright  spark  was  observed, 
•with  small  scintillations.  Had  it  been  in  oxygeti 
'^as,  the  wire  would,  without  a  doubt,  have  de- 
ilagrated.  On  its  being  armed  at  the  extremity 
^with  a  small  piece  of  phosphorus,  the  latter  in- 
'ilamed  as  soon  as  the  contaft  was  made. 

A  connexion  having  been  established  between 
the  trough  and  a  galvanometer  of  the  invention 
of  the  ingenious  Mr.  Pepys^  upon  moving  the 
regulating  screws,  the   gold   leaves,  at  the  dis- 
tance of  half  ^n  inch,  began  to  diverge.     One  of 
them  struck   the  zinc,  and  instantly  ir>flamed, 
burning  with  a  bright  flame  of  a  white  colour.     A 
'sound  was  heard,  as  if  a  small  quantity  of  nitre 
had  been  thrown  on  ignited  charcoal ;  and  about 
a  quarter  of  an  inch  of  the  gold  was  destroyed, 
leaving  a  stain,  of  the  colour  of  smoke,  on  the 
plate  of  zinc.   This  experiment  was  repeated  se- 
veral times  with  a  similar  result. 
A  similar  trough^  consisting  of  sixty  pieces  of 

silver 
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jsilver  and  zinc,  an  inch  and  a  half  square,  havirtg; 
been  conne6ied^  in  the  order  of  arrangement], 
with  the  above-*mentioned  trough,  evidently  de- 
creased its  powers,  so  as  evidently  to  demonstrate, 
that  the  union  of  weaker  troughs  with  more 
po\Verful  ones,  is  not  attended  by  any  advan- 
tage, as  in  the  case  of  ele6lrical  batteries. 

Professor  Pictet,  of  Geneva,  Messrs.  Tih;ock 
and  AiKiN,  and  several  other  scientific  gientle- 
inen,  were  present  at  the  above  experiments.  At 
a  subsequent  meeting,  the  battery  which  was  em*- 
ployed  consisted  of  two  troughs,  each  containing 
sixty  plates  of  silver,  and  an  equal  number  of 
zinc*  There  were  consequently  a  hundred  and 
twenty  pairs  of  metallic  plates,  each  of  them  two 
inches  and  a  quarter  square,  or  containing  five 
square  inches  and  one  sixteenth  of  surface. 

By  the  means  of  this  powerful  battery,  gold 
was  deflagrated  with  great  facility.  Thin  leaves 
of  that  metal  having  been  conne6led  with  one 
of  the  extremities  of  the  battery,  inflamed  as 
soon  as  they  were,  to  complete  the  circuit, 
brought  in  contadt  with  the  exterior  plate  of  the 
other  extremity.  The  combustion  was  entirely 
confined  to  the  points  in  which  the  gold  leaf  and 
the  plates  were  in  conta6l  ;  and  would  have 
ceased  altogether,  if  the  gold  had  not  been  con- 
stantly made  to  advance  towards  the  plate,  to 
supply,    by  fresh  portions  brought   into    con- 

ta6l. 


ta&j  the  {)lace  of  those  whioh  had  been  deflft« 
grated.  It  was  deemed  extraordinary  that  jneUhet 
an  oxyd,  nor  a  residuum  of  any  description,  couL^ 
lie  xiiscQvered.  It  is  probable  that  the  gold  was 
volatilized  by  the  he^t  by  which  its  deflagration 
was  occasioned.  This  point  w^s  reserved  by  th^ 
3oC|ety  for  future  experiments,  to  be  made  with 
a  larger  portion  of  ^old«  In  the  tnean  time,  ia 
the-  ^ame  way  as  phosphorus  *  ha^  been  inflamed 
it  the  ^^rmer  meeting,  so  did  .the  society  jdow 
^m^ceed  in  exploding  gunpowder^  by  a  persistence 
in  'the  same  means. 

Several  interesting  experiments  on  the  defla^ 
gration  of  metals,  were  afitenvards  made  by  a 
lociety  of  gentlemen,*  zealous  prondioters  of 
icience.  A  pile,  consisting  of  thirty -.six  pairs  of 
plates,  of  silver  and  zinc,  between  which  were  inter- 
posed disks  of  flannel^  moistened  with  a  solution  of 
muriate  of  ammonia^  was  construdted.  Each  o£ 
the  plates  had  a  diameter  of  ten  inches,  or,  in 
other  words,  contained  78-^S  square  inches; 
<9onsequently,  the  entire  surface  of  silver  in  the 
pile,  reckoning  one  side  only  of  eacii  plate,  was 
0827-44  square  inches ;    and  that  of  zinc  the 


•  In  the  number  was  Mr.  Tilloch,  the  learned  editor  of 
the  Philosopbtcal  Magazine^  from  which  this  account  is  ex« 
traded. 

^OL.  n.  m  same. 
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same.  Such  an  undertaking  could  not  be  aco* 
complished  without  a  very  considerable  exi- 
pence. 

With  this  pile,  in  the  month  of  December, 
1801,  gold,  silver,  copper,  tin,  lead,  and  zinc 
were,  deflagrated  with  a  surprizing  facility, 
/it  The  gold  burned  with  a  very  vivid  white  light, 
inclining  somewhat  to  blue.  This  experiment 
afforded  an  opportunity  to  decide  on  a  point 
ivhich  was  left  undetermined  in  the  account  of 
the  nieeting  of  the  Askesian  Society,  precedingly 
given,  and  in  which  it  was  stated,  that  the  gold 
was  deflagrated  without  any  residuum  being  per- 
ceived. On  the  present  occasion,  there  was  left 
on  the  upper  plate  a  copious  oxyd  of  a  deep 
brown  cojour,  inclinihg  a  little  to  purple.  In 
the  former  experiment,  the  end-plate  of  th# 
trough,  to  which  the  gold  was  applied,  was  ver- 
tical ;  and  as  the  quantity  of  oxyd  could  have 
been  but  very  small,  at  the  same  time  that  it  wai 
nearly  of  the  colour  of  the  mahogany  on  which 
it  fell,  its  not  having  been  perceived  may  be 
readily  accounted  for. 

The  silver  gave  a  vivid  flame  of  a  greenish 
hue,  and  extremely  brilliant.  The  colour  was 
somewhat  like  that  of  a  pale  emerald,  and  the 
light  more  intense  than  that  from  the  gold.  Its 
oxyd  was  of  a  blackish  hue. 

The  copper  presented  phenomena  similar  to 

those 
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Ihose  which  attended  the  deflagration   of  the 
gold. 

The  lead  gave  a  very  vivid  light,  of  a  dilute 
bluish  purple. 

The  tin  afforded  a  light  similar  to  that  of  the 
gold,  but  burned  with  less  energy,  probably  on 
this  account,  that  the  leaves  were  thicker. 

The  zinc  gave  a  bluish  white  flame,  which 
was  edged  'at  the  moment  of  contadi:  with  red^ 
It  was  more  difficult  of  deflagration  than '  any 
of  the  preceding  metals ;  but  the  plates  were  at 
the  same  time  much  thicker^ 

The  oxyds  of  the  last  four  metals  were  not 
examined. 

Water  having  been  poured  on  the  upper  plate^ 
so  as  to  form  a  kind  of  little  standing  pooly  seve- 
ral of  the  metals  were  presented  to  the  plate 
through  this  aqueous  medium,  and  were  defla- 
grated. They  afforded  a  flame  of  the  same 
colour  as  when  they  were  brought  to  the  bare 
plate.  A  vapour  was  sometimes  perceptible  in- 
stantly after  the  deflagration,  and  was  conjecSlur- 
ed  to  arise  from  a  portion  of  the  water  having 
been  converted  into  steam  by  the  intense  heat. 

One  particular  circumstance  was  very  deserving 
of  remark,  namely^  that  the  shocks  from  this 
pile,  notwithstanding  it  was  in  a  state  to  prO'- 
duce  on  the  metals  suc\\  very  powerful  effedls, 

F  a  could 
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could  be  received  with  a  very  trffltng  ificottver- 
iiience. 

While  these  very  interestmg  experiments  were 
making  in  the  metropolis,  Mr.  William  HenIit, 
of  Marlehester,  whose  celebrity  as  a  chemisft  had 
been  long  established,  made  several  others,  the 
result  of  which  is  equally  ccrrious  and  iiafTportiint. 
'They  were  principally  directed  to  acid  and  sfk^a.^ 
line  substances,  subjected  to  the  a6tion  of  the 
Voltaic  pile.  The  more  pix]fminent  restrhs  are  as 
falkyws : 

Relatively  to  the  decomposition  of  water  by 
the  galvanic  influence,  Mr.  Henry  had  bat  little 
to  add  to  the  fa6ls  which  were  already  known. 
He  observes,  that  "  if  the  water  be  confined  by 
rtercufy,  in  a  tube  with  a  condu6lor  sealed  her- 
toetically  into  one  end,  a  produ6lion  of  gas  will 
oitly  tdke  place  when  the  condu6lor  communis 
cate';^  with  the  silver  side  of  the  apparatus ;  and 
that,  if  the  order  be  inverted,  that  is,  if  th^  mer- 
cury be  Gonne6ted  with  the  silver  end,  and  the 
condu<Slor  be  stationed  at  the  sealed  extremity  of 
'the  tube  of  the  pile,  no  gas  whatever  will  be  pro- 
duced, although  the  agitation  of  the  surface  of 
the  mercury  in  the  tube  shews  that  the  influ- 
ence  is  still  transmitted.     On  passing  a  wire  of 
any  metal  through  the  quicksilver,^  so  that  its 
extremity  may  rise  into  the  water,  gas  then  be- 

gin^ 
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gins  to  ascend  copiously  from  the  lower  wire.*' 
Havii^g  made  these  observations^  Mr.  Hb27BY 
gives  it  as  his  opinion,  that  pointed  bodies  are 
acre  effediual  in  decomposing  water,  than  bodies 
with  rounded  surfaces. 

In  subjedling  concentrated  sulphuric  acid  to 
the  galvanic  influence,  he  employed  the  follow- 
ing process,  The  acid  was  contained  in  a  glass 
tube,  provided  with  two  platina  conductors  ;  and 
the  open  end  of  the  tube  was  immersed  in  a  cup-r 
fill  of  the  same  acid.  One  half  of  the  gas,  which 
was  thus  produced  in  great  plenty,  was  absorbed 
by  the  sulphuret  of  potash  ;  while  the  remainder 
eonsisted  of  hydrogenous  gas,  from  the  decom* 
position  of  water,  which  the  strongest  sulphuric 
acid  necessarily  contains.  As,  however^  the 
Qxygenous  gas  would  have  sufficed  to  have  satu-^ 
rated  twice  the  quantity  of  the  hydrogen  gas 
which  was  evolved,  it  would  appear  that  the  one 
half  of  the  former  must  have  originated  from 
another  source  than  that  of  water,  and  was  to  be 
ascribed  to  the  decomposition  of  the  acid.  In 
proof  of  this,  the  wire  from  which  the  gas 
ascended  was  surrounded  by  a  white  cloud,  which 
was  probably  formed  by  dis-oxygenated  sulphur. 
Pure  and  colourless  nitric  acid  underwent  a 
rapid  decomposition,  and  assumed  a  straw  co-* 
lour.  The  gas  which  was  evolved  consisted  of 
the  oxygenous  md  azotic  gases^  m  the  proportion 
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of  more  than  three  parts  of  the  former  to  one  of 
tlie  latter.  Liquid  muriatic  acid  gave  out  a  gas,- 
consisting  nearly  of  two  parts  of  oxygen,  and  one 
of  hydrogen  gas,  both  of  which  appear  to  have 
been  occasioned  by  the  decomposition  of  water. 

A  tube  having  been  prepared  with  platina 
conduflors,  covered  with  wax,  and  having  been 
filled  with  a  saturated  solution  of  oxygenated 
muriatic  acid  in  water,  the  circuit  was  completed 
through  it,  between  the  two  ends  of  the  pile. 
The  gas  which  was  evolved,  was  a  mixture  of 
oxygen  and  hydrogen,  in  the  proportions  of  a 
hundred  and  thirty-six  to  a  hundred  and 
eighteen.  As  the  proportion  of  the  latter  gas 
required  fifty-nine  parts,  by  measure,  of  oxygen 
gas  for  saturation,  the  remaining  seventy-seven 
parts  of  the  oxj'gen  must  have  arisen  from  the 
dis-oxygenation  of  the  acid. 

To  ascertain    whether  the  galvanic  influence 
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^minished  by  electrical  discharges  ;  but  without 
perceiving  any  contradlion  of  bulk,  or  change  of 
properties.  He  was  at  first  led  to  believe  that  a 
contracSHon  had  taken  place,  in  consequence  of 
the  sealing-wax,  by  which  the  platina  wires  were 
covered,  having  absorbed  a  portion  of  muriatic 
acid  gas.  He  observes,  that  the  deficiency  of 
the  property  of  transmission  through  the  gases^ 
considerably  limits  the  employment  of  galvanism 
as  a  chemical  agent ;  and  regrets  that  it  over- 
turned his  projedl  of  attempting,  by  the  inter- 
vention of  the  galvanic  fluid,  the  analysis  of  the 
muriatic  acid,  relative  to  the  composition  of 
which  no  certain  conclusions  can  be  drawn,  from 
experiments  made  on  it  when  condensed  with 
water. 

Having  subsequently  found  that  it  was  im- 
practicable to  transmit  the  galvanic  influence 
through  ammoniacal  gas,  he  exposed  to  its  ac- 
tion a  portion  of  water  perfectly  saturated  with 
that  alkali,  and  was  not  a  little  surprized  at  the 
result,  which  was  confirmed  to  him  by  repeated 
experiments.  As  a  proof  that  no  portion  of 
oxygenous  gas  was  produced,  the  evolved  gas 
was  not  produced  by  sulphuret  of  potash  ;  nei- 
ther did  it  inflame  when  an  eleiftric  spark  was 
made  to  pass  through  it.  On  firing  it  with 
oxygen  gas,  it  became  greatly  diminished ;  and 
a  solution  of  sulphuret  of  potash^  after  having 
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abstra(9:ed  the  excess  of  osygto  gas,  left  a  smilf 
bubble  only  of  azotic  gas,  which  was  to  be  traced 
to  the  oxygen  g^s  employed  -to  effeS.  the  com^ 
bustion.  This  fadt  was  extretndy  singular  ani 
curious.  The  volatile  alkali,  Mr.  Hbnrt  ob^ 
serves,  was  certainly  decomposed  i  seeing  that^ 
if  the  hydrogen  gas  had  proceeded  from  the  de- 
composition of  water  only,  oxygetiouS  gas  would 
also  have  been  obtained.  *'  Into  what  new  coni'. 
bination,"  he  inquires,  "  does  the  azot  enter  ia 
this  case  ?  It  ia  not  improbable  that,  at  the  samb 
instant,  both  water  and  ammoniac  are  deconi-> 
posed  ;  that  the  hydrogen  of  both  is  converted 
into  gas ;  and  that  the  oxygen  of  the  water, 
uniting  with  the  azot  of  the  alttali,  composes 
tjitric  acid,  which,  combining  with  the  amnion 
niac,  produces  nitrate  of  ammonia.  Thedestruc-* 
tion  of  the  v^etable  alkali  is  not  less  certain." 
The  result  of  his  next,  and  tinal  experiment,  ia 


Wrth  th<f  {ll^ifia  wire.  It  still  ocxnirred,  eveft  cHi 
the  Use-  b(  mer Guf y  which  had  been  carefully  di*. 
tilled  fclr  the  purpose.  **  From  this  experiment/* 
Mr.  HiNRir  observes,  "  a  sufficient  proof  is  ob^ 
tained  that  the  vegetablef  alkali  contains  hftdro* 
gen.  A2ot  is  probably  another  of  its  constr-* 
tuent  parts,  but  is  prevented  from  appearing  in 
ft&  gaseous  ^tate  by  its  union  with  oxygen^ 
evolmi,  at  tlie  same  instant;  by  the  decompost^ 
tion  of  a  portioh  of  water.  These  suggestions 
admit  of  being  verified  by  a  careful  examination 
ci  the  alkalis,  iafter  an  exposure  to  the  influende 
of  galvanism  ;  and  a  third  component  of  the 
vegetable  alkali  will  perhaps  be  found  in  the 
Uadc  precipitate  above  described.  I  ha>^e  not 
been  ihattentive,  even  hitherto,  to  these  points-; 
but  the  minuteness  of  the  quantities  submitted 
to  experiment,  prevents  me  from  speaking  de- 
ciSiveiy,  and  I  choose  rather  to  reserve  myself  for 
the  results  of  the  experiments  I  am  now  making, 
than  to  incur  the  risk  of  being  forced  to  retra<^ 
a  hasty  assertion/' 

On  a  subsequent  examination,  Mr.  Henbt 
found  that  the  black  precipitate  proved  to  be 
merely'  a  metallic  oxyd,  and  not.  charcoai,  as  lie 
had  at  first  been  led  to  suppose.  By  varying 
the  experiment,  and  transmitting  the  galvanic 
infhience  through  liquid  caustic  alkali,  without 
the  contact  of  mercury^  the  black  powder  no 

longer 
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longer  m&de  its  appearance.  The  gases  pro^ei 
to  be  a  mixture  of  hydrogen  and  oxygen,  pretty 
nearly  in  the  proportions  which  might  have  been 
expe6led  from  water.  The  imperfeA  metals 
eoi^llined  in  the  quicksilver,  had  hitherto  pre- 
vented the  oxygen  from  assuming  a  gaseous 
ibrm. 

While  the  galvanic  experiments  were  multi- 
plying in  great  Britain,  the  celebrated  Dr. 
Priestley  repeated  them  on  the  American  con- 
tinent. He  had  for  that  purpose  received  from 
il^rmingbam,  an  apparatus  for  the  constru6lion 
of  a  Voltaic  pile,  consisting  of  sixty  plates  of 
'Silver  coated  with  copper,  and  as  many  thin 
rolled  plates  of  zinc.  He  made  a  variety  of  in- 
teresting experiments,  in  the  course  of  which  he 
observed  several  fads  which  had  been  already 
noticed  in  England,  but  without  his  knowledge. 
In  one  of  these  experiments  he  interposed^  be- 
tween the  two  ends  of  the  pile,  four  glasses  of 
water,  which  were  connected  by  the  means  of 
silver  wires,  at  the  extremities  of  which  the  usual 
processes  went  on.  It  was  found,  however,  that 
when  one  of  the  portions  of  water  had  its  surface 
covered  with  oil,  the  adlion  was  suspended  in 
each  of  the  glasses.  This  experiment,  when  re- 
peated, did  not  succeed  in  England. 

In  these  trials  the   Dodor  had  constantly  in 
Yiew    his   favourite    hypothesis  of  phlogiston, 

which 
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^rhich  be  endeavoured  to  establish  and  confirm* 
He   observes,  that  he   cannot  bring  himself  to 
consent  to  the  modem  do<9:rine  of  the  decomposi* 
tion  of  water,  which,  however  generally  it  may 
have  been  received,  he  considers   as  altogether 
chimerical,  and  unable  to  stand  its  ground  for 
any  length  of  time.     In  adverting  to  the  galvanic 
experiments  which  had  been  made  with  the  Vol- 
taic pile,  he  remarks  that  they  do  not,  in  general, 
furnish  any  support  to  the  above  do6lrine ;  and, 
in  proof  of  this,  he  adduces  the  following  rea- 
sons; t  *^  Although,"  he  observes,  "it  may  happen 
that  the  inflammable  air  from  the  wire  conne6t- 
ed  with  the  silver  end  of  the  pile,  may  be  in  the 
proportion  to  the  dephlogisticated  air  from  the 
wire  conne6led  with   the  zinc  end,  which  the 
hypothesis  of  the  decomposition  of  water  re- 
quires, it  appears  that  the  latter  proceeds  froni 
the  air  which  is  merely  held  in  solution  in  the 
water  in  which  the  process  is  made ;  since  if,  by 
the  means  of  oil  upon  the  water,  or  of  a  vacuum, 
access  to  the  atmosphere  be  cut  off,  the  produc- 
tion of  air  entirely  ceases.      In  the  same  way, 
there  is  not  any   produdlion  of  air  when  the 
water  has  been  exhausted  of  it ;  and  certainly 
no  good  reason  can  be  given,  why,  if  the  water 
itself  consists  of  these  two   kinds   of  airs,  and 
this  process  be  capable  of  decomposing  it,   air 
should  pot  be  produced  from  it  in  all  these 

cases ; 


f6        sxpSBiMEirrs  op  db.  pbisstlbt* 

cases ;  both  the  constitoent  parts  of  the  wat< 
being  present,  and  the  power  of  separating  them 
being  in  full  operation.  Besides^  I  find  that, 
ahhough  the  two  kinds  of  air  be  produced,  tb^ 
ive  not  always  in  the  proportion  required  by  the 
new  theory^  the  dephlogisticated  air  being  much 
leSB  than  is  requisite.  I  have  also  found  it  to  be 
not  much  better  than  atmospherical  air.  Tba 
inflammable  air  I  beheve  to  be  of  the  purest 
kind." 

After  a  recqntulation  of  several  other  fo£^ 
bj  which  he  endeavours  to  support  his  bypo^ 
thesis^  and,  among  which,  he  particularly  notioea 
that,  unless  gold,  or  platina,  be  connected  witb 
the  zinc  end  of  the  pile,  there  is  sddom  any 
jHToduAion  of  air  from  that  quarter,  the  metal 
from  that  situation  being  dissolved ;  and  that 
there  is  no  appearance  of  its  being  dissolved  by 
any  acid,  but,  on  the  contrary,  of  its  being 
supersaturated  with  phlogiston,  he  proceeds  to 
•give  his  own  particular  opinion  relative  to  the 
theory  of  the  phenomena  of  the  Voltaic  pile. 
It  is  as  follows  : 

"  Since*,*'  he  observes,  *^  the  operaticMi  virholly 
depends  on  the  calcination  of  the  zinc,  which 
suffers  a  great  diipinution  of  weight,  while  the 
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^Sver  is  but  little  rffeded ;  atid  as  all  metals  lose 
their  phlogiston  hi  calcination,  what  remains  of 
the  zinc  in  a  metaHic  form  m  the  pile,  and  every 
thing  conneAed  with  that  end  of  it,  is  snper- 
tatorated  with  phlogiston,  while  the  calcined  part, 
and  every  tfting  conneded  with  that  end  of  the 
pile,  is  deprived  of  it.  The  former,  therefore, 
is  in  a  positive  state,  and  latter  in  a  negative^  with 
«spc(ft  to  phlogiston ;  and  it  seems  to  follow 
from  these  experiments,  that  this  is  the  same 
thing  with  positive  and  negative  eledlricity;  so 
fliat  the  eleftric  fluid  and  phlogiston  are  either 
the  same,  or  have  some  near  relation  to  each 
Other.  The  silver  seems  to  aft  principally  as  a 
condti<S^or  of  eleftricity ;  for  the  surface  of  it  is 
tHerdy  blackened  in  some  places  in  this  process, 
probably  in  consequence  of  receiving  phlogiston 
from  the  zinc ;  bat  the  water  is  most  essential 
to  it,  'because  it  constitutes  the  principal  part,  if 
not  the  whole,  of  the  addition  of  weight  in  the 
calx.  Accordingly,  in  the  calx  of  zinc  I  have 
found  nothing  but  water,  although  it  Is  probable 
that  it  contains  a  small  portion  of  oxygen. 

•*  These  experiments  favour  the  hypothesis  of 
two  eleBric  fluids,  the  positive  containing  the 
^ncipie  of  oxygen,  and  the  negative  that  of 
phlogiston.  These,  being  united  to  water,  seem 
to  constitute  two  opposite  kinds  of  air,  namely^ 
dephlogisticated  and  inflammable. 

They 
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*'  They  tend  likewise  to  oonfirm  the  conjeAuf ef 
which  I  advanced  in  my  first  pablication  on  the 
8ubje6l  of  air,  concerning  the  similarity  of  the  elec- 
tric matter  to  phlogiston ;  and,  together  with  the 
purely  galvanic  experiments,  shew,  that  the  same 
substance,  elaborated  from  the  aliment  by  the 
brain^  is  the  cause  of  muscular  motion,  the  nervei- 
being  the  most  sensible  of  all  eledlrometers*. 

^^  I  see  no  occasion  to  suppose^  with  M.  Voj.-* 
TA,  that  there  is  any  circulation  of  the  ele^o 
^uid  in  this  pile.  The  calcination  of  the  zinc 
supplies  phlogiston  as  long  as  it  continues,  and 
ixrhen  that  ceases,  the  operation  of  the  pile  ceases 
with  it.  I  also  do  not  see  the  necessity  why  one 
end  of  the  pile  should  be  silver,  and  the  other 
zinc ;  seeing  that,  when  both  are  silver,  or  both 
zinc,  the  operation  is  the  same ;  neither  can  I 
conceive  why  it  should  be  otherwise.  When  the 
pile  is  properly  prepared,  the  addition  of  any 
kind  of  metal  to  the  ends  only  serves  as  a  con* 
du<9:or  of  the  eledlric  fluid ;  and  silver,  zinc,  or 
any  other  metal,  will  sufficiently  answer  this  pur-> 
pose. 

*^  Had  this  process  succeeded  without  any 
atmospherical  air  incumbent  on  the  water  ia 
which  it  is  made,  it  would  have  amounted  to  a- 


*  Priestley's  Experiments  on  Air,  first  edition,    vol.  \. 
p.  274,  et  sequent. 
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fiill  proof  of  the  new  theory,  one  part  of  the 
Vrater  being  deprived  of  hydrogen,  while  oxygen 
abounded  in  the  other,  and  both  of  them,  with 
the  assistance  of  caloric  (though  it  does  not 
appear  whence  that  could  be  supplied)  assuming 
the  form  of  air.  But  this  not  being  •the  case, 
the  element  of  the  dephlogisticated  air  evidently 
coming  from  the  superincumbent  atmosphere, 
the  element  of  the  inflammable  air  must^  neces- 
larily  arise  from  the  calcined  metals,  which  is  a 
lujffiicient  proof  of  the  dodlrine  of  phlogiston.'* 
We  have  been  the  more  anxious  to  give  the  above 
theory  of  the  phenomena  of  the  Voltaic  pile,  be- 
cause, however  the  do6lrineon  which  it  is  founded 
may  have  given  place  to  new  hypotheses,  it  has 
still  its  partisans  and  admirers.  In  a  postscript 
to  the  above  communication,  the  Dodlor  claims 
the  discovery  of  the  conducting  power  of  char- 
coal, which  had  been  ascribed  to  the  inventor  of 
the  galvanic  pile,  observing  that  it  was  one  of  his 
first  observations  in  eledtricity,  made  in  1766, 
and  published  in  his  History  of  Ele6lricity  in  the 
following  year.  He  subjoins  a  second  postscript, 
in  which  he  observes  that,  having  covered  the 
whole  of  the  pile  with  a  large  receiver,  standing 
in  water,  charcoal  being  conne6led  with  the  silver 
end  of  the  pile,  and  silver  with  the  zinc  end,  in 
two  vessels  of  water,  the  solution  of  the  silver 
took  place  in  both  the  vessels,  and  the  air  within 

the 
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the  receiver  began  to  diminiab,  Hhe  dkninutactft 
ibaving  come  to  its  roaxiiQum  in  about  a  <ky  aod 
B  half.  Dr.  Fbiestlbt  examined  the  air  widiio 
■the  receiver,  and  found  it  completety  pi^gisti? 
fated,  being  not  in  any  degree  affe£led.foy  n^rp^ 
fiir.  There  was  evidently,  therefore,  be  ohservesy 
no  generation  of  dephlogisticated  an*,  the  xeaidt 
heing  entirely  the  effect  of  the  calcination  of  itb* 
«inc.  This  experiment  is,  according  to  him>  m 
jfiill  and  sufficient  evidence  that,  in  this  .caae, 
there  is  no  decomposition  of  water ;  and  it  tbiif 
lends  to  strengthen  the  argnment  in  'fitvoar  of 
ibe  doiSrine  of  pblogiston, 

Mr.  Daty,  professor  of  chemistry  at  the, 
'Royal  Institution,  has  been  one  of  the  most  xes^ 
lous  promoters  of  the  galvanic  science;  Shortly 
after  the  discovery  made  by  Volta,  he  instttuterf 
«  course  of  experiments  on  the  galvanic  it^ueqce, 
from  which  several  new  and  interesting  observsr 


*  lb  detotnine  whether  the  oxygen  aiid  hydro-: 
gen  gine^'i  evolved  by  the  interrupted  wire  whed 
immersed -in  water,  could  be  procured  from  two 
portions^bf  water  kept  distinct  from  each  other^ 
he  caused  the  wires  to  terminate  in  two  glasses  of 
watery  between  which  he  established  a  (k>mmilni-' 
catioii  with  his  fingers.  The  gases  wer^  produced 
88  before^  .  When  the  water  had  been  very  care* 
fully  boiled/  they  were  evolved  in  a  nearly  pure 
state^  and  in  the  proportions  requisite  to  the 
formation  of  water.  To  ascertain  whether  it  was 
essential  that  the  wires  should  be  in  conta<5l  with 
the  metallic  plates  of  the  pile^  its  extremities  were 
made  to  communicate  with  two  glasses  of  water^ 
cointoedled  by  a  silver  wire^  by  the  means  of  pieces 
of  muscular  fibre.  The  effe&s  of  the  pile  were 
BOW  reversed :  the  hydrogen  was  disengaged  by 
the  wire  at  the  £inc  end>  while  the  wire  at  th« 
silver  extremity  became  oxydated. 

The  next  inquiry  made  by  Mr.  Davy  was  into 
the  influence  of  the  atmosphere  on  the  phenome^ 
na  of  galvanism  <  To  ascertain  the  effeA  of  the 
factitious  airs  on  these  phenomena^  his  piles  were 
constructed  horizontally^  in  the  usual  manner ; 
but^  .to  prevent  the  plates  from  separating^  when 
in  an  oblique  position^  he  joined  their  sides  toge- 
ther^ at  two  or  three  points,  by  a  resinous  cement, 
leaving  a  sufficient  interstice  to  admit  of  a  free 
circulation  of  air.    When  there  was  any  produc<- 
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tkm  of  the  gases,  they  were  recmed  iot  ^tball 
tubes  filled  with  distilled  water,  luid  containiQg 
wires,  externally  covered  with  wax,  which  com-» 
municated  with  the  extremities  of  the  piAe.  The 
piles  were 'introduced  into 'the  airs  tbitiugh  water, 
and  devated  above  the  water  by  a  nieteffia  f^ate 
cemented  to  their  lower  extremities.  Mr.  th^^ni 
had.  previonsly  ascertained,  by  niiBieroua  'triaki 
that*  a  pile  ads. in  the  atmosphere,  iasmeAatdy 
^cr  its  imoiersion  in  water,  without  i>eing  wqml, 
although  more  feebly  than  before.  He  indriikKK 
in^se  found  that,  after  the  first  imdiersio%  Jllie 
powers  were  not  diminished,  by  the  aubseqnedt 
ones. 

The  following  inferences  weiie  drawn  hy»hb^ 
Davy  from  these  experiments. 

1st,  That  zinc,  whether  conne6led  with  silver 
in  single  galvanic  circles,  or  constituting  the  plates 
of  the  Voltaic  pile,  does  not  appear  to  undergo 
any  oxydation  at  common  temperatures,  so  long 
as  the  water  in  contact  with  it  is  pure. 

2dly,  That  the  oxydation  of  the  zinc  plates  of 
the  galvanic  pile  takes  place  whenever  the  water 
in  contadt  with  them  holds  in  solution  either  at* 
mospherical  air,  oxygen,  nitrous  gas,  nitrous  acid, 
marine  acid,  &c. 

3dly,  That  when   the  zinc,  in  oontaft  with 
water  holding  in  solution  substances  containing 
loose  oxygen,  or  acids^  is  oxydated,  these  sub- 
stances 


rtahoes  are  changed,  or,  in  oth(*r  words,  exert 
Certam  chemical  affinities. 

4thly,  That  the  Voltaic  pile  appears  to  ht  in^ 
bapable  of  afting  wheh  the  watet  between  the 
pairs  of  plates  is  pure. 

5thly,  That  it  a6ls  whdn  the  water  betvireeh  the 
double  plates  hold  in  solution  either  asmospheri- 
cal  air^  oxygen,  nitrous  gas^  nitrolis  acid,  or  tna* 
rine  ^id. 

6thly,  and  kstly.  That  the  i>ower  of  the  action 
of  the  Voltaic  pile  appears  to  be  proportionate  to 
the  power  of  the  fluid  condu6tiiig  substancei 
between  the  double  plateSj  to  bring  about  the 
Oxydation  of  the  zindi 

The  followkig  general  conclusion^  arfe  liiade  by 
Mr.  Davy*  That,  "  of  two  phetiorheria,  or  6f 
two  sei*ies  of  phenomena,  we  can  bhly  affirm  that 
the  one  is  the  cause  of  the  other,  Wheti  it  tini- 
formly  precedes  it,  and  when  their  modifications 
are  connedted^  But  it  appears  from  all  the  fore* 
going  fa<fts,  that  the  galvanic  pile  of  Volta  a<5l^ 
only  when  the  condudling  substatice  between  the 
Jplates  is  capable  of  oxydatihg  the  ^inc ;  and  that, 
in  proportion  as  a  greater  quantity  of  oxygen  en- 
ters into  combination  with  the  zinc  in  a  given 
time,  so  in  proportion  is  the  power  of  the  pile  to 
decompose  water,  and  to  produce  a  greater  shock. 
It  seems  therefore  reasonable  to  conclude,  al- 
though^ with  our  presietit  quantity  of  fadls,  we 

Q  2  are 
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are  unable  to  explain  the  eia£t  mode  of  oper»' 
tion,  that  the  oxydation  of  zinc  in  the  pile,  and 
the  chemical  changes  conneifted  with  it,  are  tome 
haw  the  cause  of  the  ekdlrical  efTefU  it  pro-' 
duces." 

:  The  conducting  power  of  charcoal  has  been  re- 
peatedly noticed  in  this  work.  It  was  found  by 
Mr.  Davt  to  possess  the  same  properties  as  me- 
tallic substances,  in  the  produClion  of  the  shock 
and  spark,'  when  it  became  a  medium  of  commu- 
nication between  the  extremities  of  the  galvanic 
pile.  He  likewise  found  that  charcoal,  perfe^y 
well  made>  when  connected,  in  the  galvanic  cir- 
cuit, with  water  or  aqueous  solutions,  effects 
dianges  in  them  analogous  to  those  produced  by 
metals,  but  attended,  at  the  same  time,  by  pecu- 
liar appearances. 

In  these  trials  the  apparatus  decomposed  water 
in  tJie  usual  manner,  the  silver  end  giving  out 
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a  npid  evolution  of  gases  from  water ;  while  an 
€qual  series,  with  silver  and  zinc,  produced  much 
weaker  effedls.  He  infers  that  charcoal  and 
»nc  are  equal,  if  not  superior,  to  any  metallic 
comhinatiors. 

Mr.  Davy's  next  inquiry  was,  whether  the 
difllerence  of  metals  was  essential  to  the  efFedl 
produced  by  the  Voltaic  pile.  He  found  that 
this  pile  may,  by  the  application  of  proper  fluids 
to  its  surfaces,  be  constrained  with  one  metal 
only.  This  observation  was  likewise  made  by 
Professor  Gren.  The  following  series  appears 
to  have  been  employed  by  Mr.  Davt?  metal, 
nitrous  acid,  water,  sulphuret  of  potash,  and^ 
lastly,  metal.  The  metals,  with  each  of  which 
an  attempt  was  made  to  form  a  distind  pile, 
were  silver,  copper,  zinc,  and  lead.  It  was  no- 
ticed that  the  effedls  of  a  pile  of  this  deacription 
were  the  reverse  of  those  which  occurred,  when 
ffae  difFerence  of  action  depended  on  the  metals; 
CTy  in  other  words,  that  the  extrication  of  hydros 
gen^  in  the  tube  of  communication,  was  made 
firom  the  wire  opposite  to  the  one  from  which  it 
would  have  been  made  with  the  common  pile. 
On  the  subjeA  of  this  interesting  experiment,  it 
is  very  judidoody  observed  by  Mr.  Niorolsok, 
that  ^  among  the  refledHons  and  conclusions  to 
which  it  must  give  rise,  it  is  not  one  of  the  least 
iosportanty  that  it  qverthrowt  the  theory  of  dm 

03  learned 
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learned  inventor  Voz.ta>  who  considers  the  our> 

rent  of  eleiSlricity  as  being  produced  by  the  di£> 
ference  of  condui^ing  power  in  the  ditFerent  m%r 
tals.  In  this  obscure  region  of  research,  ho 
adds,  although  we  are  altogether  unacquainted 
with  the  power  by  which  the  elet^ricity  is  accu- 
Riulatedj  it  is  one  step  towards  a  true  theory^  to 
have  ascertained,  that  one  oi  those  already 
offered  is  without  foundation." 

In  the  month  of  June  1801,  a  very  interesting 
paper,  by  Dr.  Hyde  Wollastok,  F.  R.  S.  cm 
the  identity  of  the  galvanic  and  eledlric  fluidlj 
was  read  before  the  Royal  Society.  By  this  pa- 
per it  appeared  that  the  Do£lor  had  succeeded 
in  decomposing  water  by  the  means  of  cotntnon 
eleiStricity,  as  rapidly  ag  by  the  pile  of  Volta, 
He  had  obviated  the  diilliculty  which  was  caused 
j»y  the  &iid  passing,  in  a  greater  or  less  d^ree, 
in  the  form  of  sparks,  by  employing  a  gold  wire. 


ituBtnte,  in  a.  moat  satj9fa6l<)ry  manner,  the  pri<* 
mary  cause  of  the  galvanic  and  ekdiric  pheno«* 
fffona, '  of  the  decdippoaition  of  waAer,  8cc.  we 
imert  k  at  fvHl  kng^h. 

^^  Notwithstanding  the  power  of  AdL  Volta's 
de6hic  fiile  is  now  known  to  b^  proportional  to 
the  disposition  of  one  of  the  metals  to  be  oxyAalkd 
kf  the  fliudr  interposed,  a  doiibt  has  fama  enter- 
tained  by  many  persons^  whether  thia  power 
tiiaca  fironi;  the  eheoucali  a<S^i(>n  .of  Ihe  fluid  oa 
tjlle  metal ;  or,  on  the  contrary,  wheth^  the 
oxydation  itself  may  not  be  occasioned,  by  ekiCj- 
tnc^]^  aft  in  nAo^ion.  by  thf  coii^a^  ot  metals 
Unit  h«ive  different  condudting  ptfWiir^^  ' :  .  ' 

:'V  That  the  oxydation  of ^  the  metal  19  the  piv 
tfMy  cause  of  the  ele^ric  phenopaena  observed^ 
i%  I  thi<il^9  to  be  inferred  froqi  the  following  eii^ 
parimenlSt  which  exhibit  the  g^vapio  prQ<)eta 
fadiiKsed  to  \ts  moeft  simple  state, 

^^  JExperimmii  h  If  a  piece  of  «inc  9nd  a  pieqe 
of  silver  have  each  one  extremity  immersed  in 
the  same  vefsel,  co^tainiqg  sulphuric  or  muriatic 
acid  diluted  with  ^  Wge  (|uaiitity  of  water,  the 
2sinc  is  dissolved,  and  yields  hydrogen  gaa»  by  the 
decomposition  of  the  water ;  the  silver^  not  being 
aded  upon,  haa  no  pow^r  of  decomposii^g  water ; 
but^  whenever  the  zinc  and  silver  are  made  to 
touch,  or  aoy  metallic  communicatioa  is  made 

0  4  between 
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between  them^  hydrogen  gas  is  also  formed  at 
the  surface  of  the  silver." 

Any  other  metal  beside  zinc^  which,  by  the 
aid  of  the  acid  employed,  is  capable  of  decom* 
posing  water^  wilt  succeed  equally,  if  the  other 
■wire  consists  of  a  metal  on  which  the  acid  has  no 
effeA. 

^^  Esep^ment  IT.  If  zinc,  iron,  or  copper,  be 
employed  with  gold,  in  dilute  nitric  acid,  nitrous 
gas  will  be  formed,  in  the  same  manner,  and  under 
the  same  circumstances,  as  the  hydrogen  gas  in 
the  former  experiment. 

^*  E^tperifmmt  IIL  Experiments  analogous  to 
the  Ibrmer,  imd  equally  airople,  may  also  be  made 
with  many  metallic  solutions.  If,  for  instatioe, 
the  solutiou  contains  copper,  it  will-  be  jmepipi- 
lated  by  a  piece  of  iron,  and  appear  on  its  sor- 
tiiee«  llpon  silver  merely  immersed  in  the  same 
^utii>n>  no  $uch  eilec)  is  produced ;  but  as  sooo 
aa  ih^  two  meul$  art'  brought  into  oontsct,  the 
$il  vfHT  rwiNW:?  a  coating  of  copper. 

^^  In  the  expbnatioii  of  these  expenments,  it 
i$  nie<yt^;$;ftry  K^  aKhert  tv^  a  poust  establisbed  hw 
vmxK^  of  iIm  ekv^rir  rile. 

^•^  \\V  iiKMT  iK*:  viien  wtitrt-  s  pfesced  m  a 
c^^l  vsf  cocKfeictsHr?  Ojf  efccfcrwiinr,  Sw^aeen  the 
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the  wire  conne6(ed  with  the  opposite  extremity 
dibrds  hydrogen  gas. 

**  Since  the  extrication  of  hydrogen,  in  this 
instanee,  is  seen  to  depend  on  eledlricity,  it  is 
probable  that,  in  other  instances,  electricity  may 
foe  also  requisite  for  its  conversion  into  gas.  It 
would  appear,  therefore,  that  in  the  solution  ot 
a  inetal,  electricity  is  evolved  during  the  a6tion 
of  the  acid  upon  it ;  and  that  the  formation  of 
hydrogen  gas,  even  in  that  case,  depends  on  a 
transition  of  eleiSbicity  between  the  fluid  and  the 
metal. 

*^  We  see,  moreovier,  in  the  first  experiment, 
that  the  zinc,  without  conta^  of  any  other  me- 
td,  hu  the  power  of  decomposing  water ;  and 
we  can  have  no  reason  to  suppose  that  the  con- 
ta6i:  of  the  silver  produces  any  new  power,  but 
that  it  serves  merely  as  a  condu6lor  of  eledlricity, 
and  thereby  occasions  the  formation  of  hydrogen 
gas. 

^^  In  the  third  experiment  also,  the  iron  by 
itseif  has  the  power  of  precipitating  copper,  by 
means^  I  presume,  of  ele6tricity  evolved  during 
its  solution  ;  and  here  likewise  the  silver,  by 
eondu6ling  that  eledlricity,  acquires  the  power  of 
precipitating  the  copper  in  its  metallic  state. 

"  The  explanation  here  given  receives  addition- 
al confirmation  from  comparative  experimetits 
fyhich  I  have  made  with'  common  eledlricity ;  for 

it 
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it  wiH  be  seen  that  the  same  transfer  oi  chemical 
power,  and  tlie  same  apparent  reversion  of  the 
usual  order  of  chemical  affinities  in  the  preci- 
pitation of  copper  by  silver^  may  be  effedled  by  * 
common  ele^irical  machine. 

'*.  The  machine  with  which  the  following  ei* 
periments  were  eondu<^ed, .  consists  of  a  cylinder 
7  inches  in  diameter,  with  a  condu^r  on  eadi 
ftde  16  inches  long,  and  3|  inches  diamet^r^^  each 
iumished  with  a  sliding  electrometer,  to  f egulaU 
Ihe  strength  of  the  spark  received  from  tbeai* 

**  Experiment  IV.  Having  a  wire  of  fine 
^Iver,  TT7  of  an  inch  in  diameter,  I  coated  the 
mid^e  of  it,  for  2  or  3  inches,  with  seaHn^-wax^ 
laid,  by  cutting  through  in  the  middle  c^  th(^  wft, 
exposed  a  section  of  the  wire.  The  two  coated 
extrejnities  of  the  wire,  thus  divided,  were  im- 
mersed in  a  solution  of  sulphate  of  copper  placed 
in  an  e!e6tric  circuit  between  the  two  conductors ; 
and  sparks,  t^ken  at  1%  of  an  inch  distance,  were 
passed  by  means  of  them  through  the  solution. 
After  100  turns  of  the  machine^  the  wire 
which  commupicated  with  (what  is  called)  tb^ 
negative  conductor,  had  a  precipitate  formed  on 
Its  surface,  which,  upon  being  burnished,  was 
evidently  copper  ;  but  the  opposite  wire  bad  no 
inch  coating. 

♦*  Upon  reversing  the  dire^ion  of  the  current 
f»f  elediricity,  the  order  o(  the  pheaomei^a  was  of 

cour$« 
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iQObrefe  rev^sr^ed ;  tht  coppei'  being  shortly 
folred  by  assistance  of  the  oxydating  power  of 
positive  dc^ricity)  ind  a  similar  precipitate  form* 
ed  on  the  opposite  wire. 

*'  Experiment  V.  A  similar  experiment  made 
with  gold  wires  ri^  of  an  inch  diameter^  in  a  so** 
lotion  c^  corrosive  suUimate,  had  the  same  sue- 


*^  The  chemical  agency,  therefore,  of  common 
eledlncity  rs  thus  proved  to  be  the  same  with  the 
power  excited  by  chemical  means ;  but,  since  a 
difference  has  been  observed  in  the  comparative 
Acility  with  which  thepileofVoLXA  decomposes 
'iratei:^  and  produces  other  effedls  of  oxydation 
end  ^e-oxydation  of  bodies  exposed  to  its  a6Uon^ 
I  have  been  at  some  pains  to  remove  this  difficult 
ty^  and  can  at  least  produce  a  very  close  imita* 
tion  of  the  galvanic  phenomena  by  common 
deAricity^ 

*^  It  has  been  thought .  necessary  to  employ 
powerful  machines  and  large  Ley  den  jars  for  the 
decomposition  of  water ;  but,  when  I  considered 
that  the  decomposition  must  .  depend  on  duly 
proportioning  the  strength  of  the  charge  of  elec- 
tricity to  the  quantity  of  water,  and  thfit  the 
i^wntity  exposed  to  'its  a<$thm  at  the  surface  of 
communication  depends  on  the  extent  of  that 
Burfiu^,'!  hoped  that^  l^  reducing  the  surface  of 
lDOfnt|iuiucation>  the  decomposition  of  w^ter  might 

be 
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:  efFetSed  by  smaller  machines,   and  with  less 
lowerlul  excitation,    than    have    hitherto    been 

f  aased  for  that  purpose  ;   and  in  this  hope  I  have 

ftiot  been  disappointed. 

■  **  Ea-periment  VI.  Having  procured  a  small 
wire  of  fine  gold,  and  given  it  as  fine  a  point  as 
I  could,  I  inserted  it  into  a  capillary  glass  tube; 
and,  after  heating  the  tube  so  as  to  make  it  ad- 
here to  the  point,  and  cover  it  in  every  part,  I 
gradiialty  ground  it  down,  till,  with  a  pocket  lens, 
I  could  diaciirn  that  the  point  of  the  gold  was 
exposed. 

"  The  success  of  this  method  exceeding  my 
expedations,  I  coated  several  wires  in  the  same 
manner,  and  found,  that  when  sparks  from  the 
condniftors  before  mentioned  were  made  to  pass 
through  water,  by  means  of  a  point  so  guarded, 
a  spark  passing  to  the  distance  of  one-eighth  of 
an  inch  would  decompose  water,  when  the  point 
exposed  did  not  exceud  tds  of  an  inch  in  diame- 
ter. With  another  point,  wliicli  I  estimated  at 
TiTio,  a  succession  of  sparks,  one-twentieth  of  an 
inch  in  length,  afforded  a  current  of  small 
bubbles  of  air. 

"  I  have  since  found  that  the  same  apparatus 

"will  decompose  water  with  a  wire  one-fortieth  of 
an  inch  diameter,  coated  in  the  manner  before 

'described,  if  the  spark  from  the  prime  condudor 
pawes 
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psises  to  the  distance  of  four-tenths  of  ail  inch 
of  air. 

*^  Eoeperiment  VII.  In  order  to  try  how  far 
the  strength  of  the  eleftric  spark  might  be  re- 
duced by  a  proportional  diminution  of  the  extre- 
unity  of  the  wire,  I  passed  a  solution  of  gold  in 
aqua  regia  through  a  capillary  tube,  and,  by 
heating  the  tube,  expelled  the  acid.  There  re-- 
Siained  a  thin  film  of  gold  lining  the  inner  sur-. 
jface  of  the  tube,  which,  by  melting  the  tube, 
was  converted  into  a  very  fine  thread  of  gold, 
through  the  substance  of  the  glass. 

^  When  the  extremity  of  this  thread  was  made 
Uie  medium  of  communication  through  water, 
I  found  that  the  mere  current  of  eledlricity  would 
occasion  a  stream  of  very  small  bubbles  to  rise 
from  the  extremity  of  the  gold,  although  the 
fnre,  by  which  it  communicated  with  the  posi- 
tive or  negative  condu<^or,  was  placed  in  absolute 
contBiA  with  them.  Hence  it  appears,  that  the  de-- 
composition  of  water  may  take  place  by  common 
aleSricity  as  well  as  by  the  eledlric  pile,  although 
no  discernible  sparks  are  produced. 

•*  The  appearance  of  two  currents  of  air  may 
dbo  be  imitated  by  occasioning  the  eledricity  to 
pass  by  fine  points  of  communication  on  both 
lid^  of  the  watery  but,  in  fa(^,  the  resemblance 
ii  not  complete ;  for  in  every  way  ia  which  I  have 

tried 
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tried  it,  I  observed,  that  each  wire  gare  botfc. 
oxygen,  and  hydrogen  gas,  instead  of  their. bein|^ 
fiEirmed  separately,  as  by  the  elcdlrie  pile^ 

"  I  am  inclined  to  attribute  the  difference  ill 

« 

this  respddt  to  the  greater  intensity  with  which 
k  is  necessary  to  employ  comrtion  eledlricity  ;f 
ibr,  that  positive  and  negative  eledlricityy  so  63^^ 
cited,  have  each  the  same  chemical  power  iM  they 
are  observed  to  have  in  the  eledtric  pile,  May  \m 
dsertained  by  other  means.  i 

**  In  the  precipitation  of  copper  by  silvery  mi 
instance  of  de-oxydation  (or  phlogistieation)  by 
n^ative  elecSlricity  hai»  been  mentioned  i  the 
oxydating  power  of  positive  ele<^icity  may  be  alsa 
proved  by  its  efie6l  on  vegetabte  blue  coloifini. 

^*  Experiment  VIII.  Having  coloured  a  earrf 
with  a  strong  infusion  of  litmus,  I  passed  a  cur-f 
rent  of  eledlric  sparks  along  it,  by  means  of  two 
fine  gold  points,  touching  it  at  the  distance  of 
an  inch  from  each  other.  The  efFe<ft,  as  in  other 
cases,  depending  on  the  smallness  of  the  quan*- 
tity  of  water,  was  most  discernible  when  the 
card  was  nearly  dry.  In  this  state,  a  very  few 
turns  of  the  machine  were  sufficient  to  occasion 
a  redness  at  the  positive  wire,  very  manifest  to 
the  naked  eye.  The  negative  wire,  being  after- 
wards placed  on  the  same  spot,  soon  restored  it 
to  its  original  blue  colour. 

"  By 


'^  By  M.  Volta's  apparatus^  the  same  efiefS^ 
are  produced  in  much  less  time* 

^*  Beside  the  similarity  which  has  thus  been 
traced  between  the  efFe<fts  of  eledlricity  excited 
by  the  common  machine  and  those  observed 
Itom  the  eledlric  pile^  I  think  it  appears  also 
probable  that  they  originate  from  the  same  source^ 

•*  With  regard  to  the  latter,  its  power  is  now 
known  to  depend  on  oxydation ;  so  also  does  the 
excitement  in  the  former  appear  very  much  to 
depend  bii  the  same  process ;  for,  by 

•^  'Eo^erivient  IX.  I  have  found,  that,  by  using 
ii|  amalgam  of  silver,  or  of  platina,  which  are 
•Ot  liable  to  be  x>xydated,  I  could  obtain  no  el^c* 
tricity.  An  amalgam  of  tin,  on  the  contrary^ 
'  iifords  a  good  degree  of  excitement.  Zinc  a6ts 
itill  better  ;  but  the  best  amalgam  is  made  with 
both  tin  and  zinc,  a  mixture  which  is  more  easily 
oxydated  than  either  metal  separately. 

^^  Eaperiment  X.  But,  as  a  further  trial  whe- 
ther oxydation  assists  in  the  produdlion  of  elec« 
tridty,  I  mounted  a  small  cylinder^  with  its 
cushion  and  condu6lor,  in  a  vessel  so  contrived 
that  I  could  at  pleasure  change  the  contained 
•ir. 

**  After  trying  the  degree  of  excitement  in 
eommon  air,  I  substituted  carbonic  gas^  and 
firand  that  the  excitement  was  inunediirtely  de» 

stroyed^ 
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stroyed^  but  that  it  returned  upon  re*admissi!oii 
of  atmospheric  air. 

•  "In  conformity  to  this  hypothesis,  we  find 
that  the  metal  oxydated  is,  in  each  case,  in  sr 
similar  state  of  ele6tricity ;  for  the  cushion*  of 
the  machine,  by  oxydation  of  the  amalgam  lad- 
hering  to  it,  becomes  negative ;  and,  in  the  same 
manner,  zinc  oxydated  by  the  accumulated 
power  of  an  ele6lric  pile,  or  simply  by  adlion  of 
an  acid,  is  also  negative. 

"  This  similarity  in  the  means  by  which  elec- 
tricity and  galvanism  appear  to  be  excited,  in  ad- 
dition to  the  resemblance  that  has  been '  traced 
between  their  efFedls,  shews  that  they  are  botb 
essentially  the  same,  and  confirms  ati  opimoA 
that  has  already  been  advanced  by  others,  that 
all  the  differences  discoverable  in  the  effects  of 
the  latter,  may  be  owing  to  its  being  less  intense, 
but  produced  in  much  larger  quantity/* 

The  discovery  of  the  Voltaic  pile  had  been  no 
sooner  announced  in  Great  Britain,  than  Colonel 
Haldane,  whose  philosophical  investigations 
were  already  well  known  to  the  learned  world, 
made  several  interesting  experiments  on  the  gal- 
vanic influence,  which  he  was  led  to  conclude, 
from  the  results  he  obtained,  to  be  dissimilar  to 
eledlricity.  He  appears,  however,  to  have  admit- 
ted, that  a  certain  portion  of  eledlricity  may  have 

been 
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been  generated  and  disengaged,  during  the  opeT- 
.ration  of  the  Voltaic  apparatus. 

He  tried  the  combinations  of  the  different  me- 
tals, and  found  that  zinc  adls  perfedtly  well  with 
•gold,  tin,  lead,  iron,  and  copper.  According  to 
•him,  iron  also  a6ls  with  the  other  metals  above 
.  cited,  ds  does  also  lead,  although  feebly.  When 
he  employed  iron  and  silver,  the  oxydatidn  took 
place  at  the  wire  connedled  with  the  iron,  and 
.  the  gas  flowed  from  that  connedled  with  the 
silvei'.  When  zinc  and  iron^  which  a6led  very 
.powerfully,  were  employed,  the  contrary  occur- 
t*ed^  seeing  that  in  this  latter  case,  the  gas  was 
produced  by  the  wire  connedled  with  the  iron. 
No  other  combinations  than  those  referred  to 
above  would  succeed^  with  this  exception,  how- 
ever^ that  tin  and  gold  afforded  a  very  faint  cloud 
in  the  waters  It  was  deserving  of  remark  that, 
.  in  another  experiment,  the  oxyd  of  copper  wire 
deposited  in  the  tube,  was  of  a  dusky  coloured 
green,  very  different  from  that  produced  by  the 
Apparatus  of  zinc  and  silver,  as  if  some  portions 
of  the  metals  of  which  the  apparatus  was  com- 
posed, had  entered  into  the  circulation,  and  af- 
fedled  the  colour  of  the  oxyd.  The  Colp-r 
nel  observed,  that  the  efFe6ls  of  the  Voltaic  appa- 
ratus were  suspended  when  it  was  immersed 
under  water,  and  that  this  was  also  the  case  when 
it  was  placed  under  the  vacuum  of  an  air-pump. 

VOL.  II.  H  la 
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In  the  former  of  these  inetatices,  on  taking  % 
out,  and  wiping  carefully  its  external  sarfaoe^ 
without  separating  the  parts,  it  a6ted  as  Vrell  ai 
before.  Hence  Mr.  Nicholson  is  led  to  C(>n- 
clade*,  that  the  povrer  of  the  apparatus  employ- 
ed was  considerably  impaired  by  the  plates  being 
placed  horizontally',  which  must  have  favoured 
the  efflux  of  water  (rom  the  cards,  and  thence 
Tjetween  the  surfaces  of  the  zinc  and  silver.  In 
this  way  he  endeavours  to  account  for  the  ab- 
sence of  the  shock,  as  well  as  of  other  ele<9ric 
phenomena,  of  which  the  Colonel  speaks,  ob- 
serving that  the  upright  pile  is  certainly  mbch 
'  stronger  than  a  pile  which  has  been  immersed  in 
■ft'ater,  and  afterwards  wiped. 

The  Colonel  having  given  it  as  his  opinion, 
that  thte  efFedts  of  the  pile  were  not  augmented 
by  its  connexion  with  the  conductor  of  an  elec- 
trical machine ;  and  likewise  that  the  charging 
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the  pile.  In  the  experiment  in  which  the  pile 
was  conne6led  with  the  Leyden  phial,  it  is  clear 
that  the  phial  could  not  be  charged  higher  than 
the  pile  itself;  and  the  general  efFeds  of  gal- 
vanism lead  to  a  conjedlure,  that  the  galvanic 
apparatus  resembles  a  large  surface  of  an  ele6lric, 
charged  to  a  low  intensity. 

Colonel  Haldanb  afterwards  made  a  series  of 
experiments,  with  a  view  to  the  ascertainment  of 
the  relative  powers  of  the  different  combinations 
of  metallic  substances.  He  found  that  the  pile 
SL&ed  more  powerfully  when  it  was  immersed  in  a 
given  quantity  of  oxygen  gas,  than  when  it  was 
confined  in  the  same  bulk  of  atmospherical  air. 
In  azoti,c  gas,  and  in  a  vacuum,  it  was  entirely 
suspended.  From  the  experiments  which  led  to 
these  results,  and  from  an  inquiry  into  the  state 
to  which  atmospherical  air  is  reduced  in  a  glass 
receiver,  placed  aver  a  galvanic  apparatus,  and 
confined  by  water,  he  was  led  to  coincide  in 
opinion  with  Fabroni,  that  the  galvanic  efFe<5ls 
depend  on  a  chemical  operation,  and  are  for  the 
greater  part  produced  by  the  attradion  of  oxygen 
firom  the  atmosphere.  Consequently,  he  observes, 
according  to  the  present  "theory,  the  whole  of 
the  operation  must  be  considered  as  a  combuv^- 
tion  similar  to  that  which  arises  from  the  com^^ 
bination  of  sulphur  and  iron  filings  with  water. 

The    following    experiments,    made   by   Dr. 

H'2  Henky 
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Henry  Moyes,  of  Pittenweem,  Fifeshire,  North 
Britain,  were  communicated  by  him  to  Dr. 
Garthshore*.  The  interest  they  cannot  fail 
to  excite,  induces  us  to  give  them  in  the  author's 
own  words,  without  attempting  an  abridgement. 
.  *^  Experiment  I.  When  T2  sqtiare  pieces  of 
copper,  72  of  zinc,  and  71  of  moistened  paste- 
board, each  containing  four  square  inches,  and 
not  exceeding  in  thickness  one-sixteenth  of  an 
inch,  were  formed  into  a  column,  by  being  ap- 
plied to  each  other  in  tlie  galvanic  series,  viz. 
zinc,  copper,  pasteboard — zinc,  copper,  paste* 
board,  &c.  &c.,  the  column,  though  entirely 
composed  of  oxydable  materials,  discovered  a 
strong  galvanic  power.  When  the  bottom  of 
the  column  was  touched  with  one  hand,  and  the 
top  at  the  same  time  with  the  other,  both  hands 
being  wet  with  brine,  a  shock  was  felt  fully  at 
strong  as  that  which  was  given  by  an  electrical 
jar  having  80  square  inches  of  coated  surface. 
Hence  it  appears  that  silver,  or  a  non-oxydable 
metal,  is  by  no  means  essential  to  the  excitation 
of  the  galvanic  power  ;  and  indeed  I  apprehend 
that  a  galvanic  column,  consisting  of  copper, 
zinc,  and  pasteboard,  will  be  found  as  powerful 
as  an  equal  column  consisting  of  silver,  zinc,  and 
pasteboard.  The  above  column,  consisting  of  cop- 

^»i  Iw  mil      »  ■■■II  .  I  I  ■  I       I  I         »\ 

*  Philosophical  Magazine,  vol.  vii.  p.  347. 
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per,  zinc,  and  pasteboard,  retained  its  power  with 
little  diminution  during  a  period  of  36  hours. 

"  Experiment  If.  When  pieces  of  copper, 
Einc,  and  moistened  alumine  were  formed  into  a 
column,  by  being  applied  to  each  other  in  the 
galvanic  series,  viz.  zinc,  copper,  alumine,  &c. 
the  column  gave  shocks  remarkably  stronger 
than  those  it  would  have  given  had  pasteboard 
been  used.  Hence  a  series  of  curious  experi* 
ments  spontaneously  present  themselves,  de- 
manding to  be  tried.  Hence  a  probability  that 
the  galvanic  power  may  sometimes  occur  among 
the  strata  of  the  earth  ;  and  hence  a  new  theory 
of  earthquakes  will  in  all  probability  ere  long 
appear. 

**  Experiment  III.  When  the  alumine  in  the 
galvanic  column  was  moistened  with  brine,  in- 
stead of  water,  the  surface  of  the  column  be- 
came, in  the  course  of  three  or  four  days,  covered 
with  a  copious  white  efflorescence,  which,  when 
coUefted  and  examined,  proved  to  be  soda  nearly 
saturated  with  carbonic  acid.  A  like  efflores- 
cence was  found  in  a  column,  in  the  constru6lion 
of  which  no  alumine  was  used.  The  column 
consisted  of  copper  and  zinc,  stratified  with  pa- 
per moistened  with  brine,  and  furnished,  you 
perceive,  a  pleasing  probability  that  the  galvanic 
a6lion  of  the  metallic  substances  may  one  day 
conduce  to  the  arts  of  utility  ;  it  being  capable 

Ij3  of 
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of  famishing,  when  duly  employed,  genuine  soda 
from  the  salt  of  the  sea. 

.  *^  Experimetit  IV.  When  the  galvanic  influ* 
ence  was  transmitted,  by  means  of  two  brasft 
wires,  through  an  aqueous  solution  of  the  car^ 
bonate  of  potash,  both  were  corroded  where  they 
touched  the  solution,  and  both  produced  or  ex^ 
tricated  gas.  The  wire,  however,  which  came 
from  the  copper,  was  manifestly  less  corroded 
than  the  other,  though  it  yielded  the  largest 
proportion  of  gas  ;  and  the  phenomena  were  not 
perceptibly  changed  by  substituting  lime  in  place 
of  the  alkali. 

**  Both  the  wires  also  gave  gas  when  they 
were  properly  immersed  in  some  other  fluids  ;*  but 
when  inserted  in  the  legs  of  an  inverted  glass 
syphon,  which  had  been  previously  filled  with 
distilled  water,  the  mode  of  their  adlion  was  seem- 
ingly changed  :  one  was  corroded  without  giving 
gas,  whilst  the  other  gave  gas  without  being 
corroded  ;  and  these  phenomena  were  not  inter- 
rupted by  filling  the  bend  of  the  syphon  with 
mercury.  One  of  the  wires  was  constantly  cor- 
roded without  giving  gas,  and  the  other  gave  gas 
without  being  corroded,  whether  the  interval  bcr 
tween  their  extremities  was  filled  with  pure  water 
alone,  or  partly  with  water  and  partly  with  merr 
cury.  The  mercury,  however,  must  have  wholly 
precluded  the  transmission  of  oxygen  from  wire 

to 
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to  wive.  It  seems  impossible  for  oxygen,  in  any 
comiition,  first  to  descend  and  then  to  ascend 
through  a  column  of  a  fluid  full  ten  thousand 
-times  heavier  than  the  air  at  the  level  of  the 
•ocean.  Nothings  ei^cept  the  galvanic  influence, 
appears  to  have  passed  from  wire  to  wire,  either 
in^thout  or  within  the  syphon ;  and,  if  this  be 
admitted,  it  will  scarcely  be  affirmed  that  the 
corrosion  of  the  wire  was  a  simple  oxydation. 

**The  galvanic adiioi)  of  various  fluids,  upon  the 
whole  or  most  of  the  oxydable  metals,  has  lately 
opened  a  field  of  research,  which  seems  well  en- 
titled to  persisting  attention.  I  have  already 
]H'oje<3ed  a  set  of  e^iperiments,  which  I  trust 
will  aftbrd  it  some  degrep  of  light.  You  shall 
.hav/e  the  resuljts  as  soon  as  they  are  obtainecj, 
provided  they  sh^l  seem  deserving  your  notice ; 
and  I  shall  now  cariplude  with  briefly  subjoining, 
.tbat  wl^en  a  metallic  cpmmunication  vvas  formed 
in  this  dark  between  the  ends  of  a  powerful  gal- 
vj^nic  column,  an  appearance  of  light^^  resembling 
a  JSMXiaU  /e}e(Stric  spark,  was  distindly  perceived  at 
the  moment  of  cont^d  :  that  the  copper  an.d 
aixiCf  when  applied  to  each  other,  discover  a 
MtFOtxg  galvanic  power ;  yet  plates  of  brass  had 
oo  such  power,  ev^en  wjien  piled  with  moistened 
alumij^  :  that  aluipine  .appeared  to  be  more  gal- 
vanic when  moistened  with  briAe,  than  when 
iiQoistfinisd  miik  M^ater ;    th^  pj^stebg^rd  was  de- 

H  4  cidedly 
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cidedly  more  galvanic  when  moistened  with  weak 
sulphuric  acid,  than  when  moistened  either  with 
water  or  brine  ;  and  that  by  inclosing  a  powerful 
galvanic  column  in  a  box,  armed  in  the  manna* 
of  a  magnet,  I  have  constructed  a  kind  of  gal- 
vanic machine,  which  is  easily  carried  from  place 
to  place,  which  is  extremely  convenient  in  many 
experiments,  and  which  has  enabled  me  to  ex- 
plain the  powers  of  the  torpedo  more  clearly,  I 
believe,  than  has  hitherto  been  done. 

Galvanic  experiments,  similar  to  those  of  Pro- 
fessor Aldini,  have  been  recently  made  by  Mr. 
Carpue,  in  the  presence  of  Dr.  Pearson,  and 
several  other  medical  gentlemen,  on  the  body  of 
Michael  Carney,  the  criminal  executed  for 
murder.  The  principal  obje6l  was  to  ascertain, 
whether  galvanism,  applied  immediately  to  the 
nerves,  could  excite  a6tion  in  the  internal  parts, 
and  particularly  those  subservient  to  respiration. 
With  this  view,  an  opening  was  first  made  into 
the  windpipe,  and  about  three  pints  of  oxygen 
gas  thrown  into  the  lungs ;  the  phrenic  nerve 
was  then  exposed  to  conductors  applied  to  it,  and 
to  the  inside  of  the  re6tum,  the  lungs  being  at  the 
same  time  occasionally  inflated  ;  yet  no  a6tion 
could  be  excited  in  the  diaphragm  : — the  nerves 
do  not  seem  to  be  condudlors  of  the  galvanic 
fluid.  Condui3oi*s  applied  to  the  inside  of  the 
re6lum  and  nostrils,   excited  very  considerable 

contrac- 
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eontraflions  in  the  right  auricle  more  than  thre^ 
hours  after  death  ;  the  ventricles  were,  as  in  Pro- 
fessor Aldini's  experiments,  perfedlly  motion- 
less ;  the  distortions  of  the  muscles  of  the  coun- 
tenance, &c.  were  nearly  the  same  as  on  the 
former  occasion. — ^The  experiments  were  con- 
dudled  with  perfedl  accuracy  and  science ;  but 
no  new  fadl  appears  to  have  been  ascertained. 


CXAP, 


(  io«) 


CHAP.  XVI. 


Rffvlew  of  the  researches  of  the  different  CorUinenittt 
Philosopher^,  after  the  discovery  of  the  Voltaie 
pile. 


IN  the  month  of  Odober,  180],M.Volta 
addressed  a  letter  to  the  celebrated  Professor  Van 
Mabum,  to  request  of  him  to  make,  in  concert 
with  Professor  Pf  aff,  of  Kiel,  several  experi- 
ments on  a  large  scale,  with  the  well  known 
apparatus  belonging  to  the  Teylerian  Museum  at 
Harlaem,  on  the  eleiHricity  of  the  metallic  pile. 
The  following  is  a  faithful  analysis  of  the  joint 
labours  of  these  two  naturalists,  who  appear  to 
have  confirmed  the  do6lrine  of  Volta,  relative 
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and  by  the  experiments  communicated  to  him 
by  Professor  Volt  a,  that  the  action  of  the  pile 
is  purely  eledrical,  still  the  theory  of  these  effects, 
which  he  had  himself  adopted,  differed  in  several 
points  from  that  of  the  latter  naturalist.  Being 
desirous  that  the  apparatus  under  his  charge 
should  be  made  to  contribute,  as  much  as  possi* 
ble,  to  the  progress  of  the  sciences,  he  solicited 
M.  Ppapp  to  examine,  with  him,  the  two  theories, 
in  each  of  their  different  relations,  by  the  means 
of  the  above  apparatus,  and  by  experiments  made 
on  the  largest  pradlicable  scale.  In  the  execu- 
tion of  this  task  they  employed  ten  days,  hav*. 
ing  been  obliged  to  have  several  new  machines 
constructed. 

In  his  communication  to  Professor  Volt  a,  M. 
Van  Marum  begins  by  a  detail  of  the  results 
of  the  experiment  which  the  latter  had  parti- 
cularly pointed  out  to  him,  namely,  of  the  one 
in  which  a  very  large  battery  was  to  be  charged 
by  a  very  short  contadl  of  the  column.  He  em- 
ployed a  part  of  the  large  Teylerian  battery,  con- 
sisting of  one  hundred  glasses,  each  of  which 
contains  five  squase  feet  and  a  half  of  coat^ 
surface,  and  has,  in  general,  pretty  nearly  a  line 
of  thickness.  The  variations  in  the  thickness 
of  the  glasses  were  productive  of  a  change  in 
^e  charge  of  each  of  them.  Our  naturalists 
having  made  choice  of  twenty-£ve  glasses^  each 

of 
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of  which,  when  tried  separately,  was  perfeiSlly 
well  charged  by  the  column,  set  aside,  in  the 
first  instance,  four  of  them,  for  the  composition 
of  a  battery,  which  they  charged  by  the  means 
of  a  full  column,  consisting,  of  two  hundred  pairs 
of  metallic  plates  of  silver  and  zinc.     On  exami- 
nation, they  found  that  a  single  contact,  as  short 
as  possible,  sufficed  to  charge  the  battery   to  a 
tension  equal  to  that  of  the  column,  which  pro- 
duced a  divergence  of  five-eighths  of  an  inch^ 
of  the  gold  leaves  of  Bennet's  eledlrometer. 
Having  augmented   the  battery  to  twenty-five 
glasses,  which  contained  altogether  137  square 
feet  and  a  half  of  coated  surface,  it  was  charged 
by  a  single  contact,  as  short  as  possible,  of  the 
polumn,  exactly  to  the  same  tension  which  had 
produced,  in  the  gold  leaves  of  Bennet's  elec- 
trometer,   a   divergence   of  five-eighths   of   an 
inch.     This   decisive    experiment   having   been 
made,  our  naturalists  had  little  doubt,  but  that, 
by  the  mere  contact  of  the  column,  they  would 
have  been  enabled  to  charge,  in  the  same  way, 
the  entire  Teylerian  battery,  which  contains  550 
square  feet  of  coated  surface.     They  were  pre- 
vented, by  particular  circumstances,  from  making 
this  experiment,  which  they  purposed  to  try  in 
a  more  convenient  season,  when  it  would  be  un- 
necessary to  take  any  precautions  against  the 
humidity  of  the  atmosphere. 

The 
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The  pile,  or  column,  with  which  they  charged 
the  battery  containing  137  square  feet  and  a  half 
of  coated  surface,  having,  in  the  pairs  of  metallic 
plates,  the  silver  below,  and  the  zinc  uppermost, 
consequently  had  the  positive  ele6lricity  above, 
and  transmitted  it  to  the  internal  surface  of  the 
battery,  seeing  that  our  naturalists  nijade  the  con- 
tadl  of  the  column  above.  Having  reversed  it, 
in  such  a  way  as  that  the  silver  belonging  to  the 
metallic  plates  was  above,  and  the  zinc  below  ; 
and  having,  with  this  inverted  column,  repeated 
the  same  experiments  at  its  different  heights,  as 
jvell  as  with  the  totality  of  its  parts,  they  ob- 
served that  the  battery  was  constantly  charged, 
by  a  single  conta6l,  to  a  degree  of  tension  equal 
to  that  of  the  column. 

They  afterwards  tried  the  shocks  or  sensa- 
tions produced  by  the  discharge  of  the  battery, 
charged  at  different  heights  of  the  column,  and 
for  this  purpose  employed  two  condu6lors  of 
copper,  each  of  them  having  a  diameter  of  two 
inches,  which  condudtors  they  held  in  their 
moistened  hands.  On  beginning  by  the  dis- 
charge of  the  battery,  charged  to  the  twentieth 
part  of  the  column,  they  felt  very  distindtly  the 
passage  of  the  current,  from  the  condudlor  into 
the  hand,  and  from  the  hand  into  the  condudlor. 
One  of  the  friends,  of  M.  Van  Marum  felt  it  as 
high  as  the  wrists.    Having,  in  a  similar  manner, 

continued 
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continued  to  experience  the  sensations  and  shocks 
of  the  discharges  of  the  battery,  charged  by  forty, 
sixty,  dghty,  a  htindretl,  a  hundreil  and  twenty, 
a  hundred  and  forty,  a  hundred  and  sixty,  a  hun- 
dred and  eiglirty,  and  two  hundred  pairs  of  me-i 
talHc  plates,  the  effetft  of  the  discharge  on  the 
body  augmented,  in  proportion  as  the  battery 
was  charged  by  a  greater  niMnber  of  the  plates. 
When  it  was  charged  by  the  entire  column  of 
two  hondred  pairs,  the  commotions,  which  were 
way  powerful,  were  felt  as  high  as  the  shoul- 
ders-, but  those  of  the  battery  were  not  equaHy  ■* 
forcible  w^th  those  of  the  pile  by  which  it  was 
cSiarged. 

M.  Van  Mabum  enters  here  into  the  details 
of  an  experiment,  which  required  very  particular 
precautions.  It  was  made  with  a  view  to  ascer- 
tain whether  the  contaiSl  of  the  conduiftor  gave 
out  a  gi-eater  portion  of  elei5tricity  to  the  battay. 
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char^  a  battery  to  the  tension  above  pointed 
out^ '  three  times  as  much  of  the  eledlric  fluid,  as 
the  gr^t  machine  could  have  supplied,  in  the 
primitive  state  in  which  it  remained  from  the 
year  1785  to  1789- 

And,  2dly>  That  the  force  of  the  above  pile,m 
charging  great  batteries,  and  that  which  the 
great  l^^ylerian  machine  possesses  at  this  tirne^ 
to  chakge  them  to  an  equal  degree  of  tension^ 
are  in  the  ratio  of  three  to  five. 

Relatively  to  the  comparison  of  the  sensations^ 
or  shocks,  communicated  by  the  discharge  of 
the  battery,  charged,  to  different  degrees  of  ten*^ 
«on,  by  the  contacts  of  the  condu(ftor  of  the 
ele^rical  machine,  with  those  of  charges  of  the 
same  tension  by  the  means  of  the  pile,  he  wat 
convinced,  by  repeated  experiments,  that  there  is 
no  perceptible  difference  in  the  shocks  commU'^ 
nicated  by  the  discharges  of  the  battery,  whether 
charged  by  the  machine^  or  by  the  pile,  provided 
the  tensions  of  the  charge  are  equal.  He  flat^- 
tens  himself  that  he  has  proved,  in  the  most  dc^- 
cisive  manner,  by  an  experiment  on  a  large  scale^ 
the  identity  of  the  current  of  the  fluid  put  im, 
motion  by  the  Voltaic  pile,  and  of  that  to  which 
an  impulsion  is  given  by  an  eledlrical  machine* 
The  identity  of  the  currents  of  each  apparatus 
having  been  thus  clearly  established,  and  placed 
beyond  any  doubt,  it  follows  as  a  dired  conse^^ 

quence 
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quence  of  the  above  cited  experiments,  that  thefd 
can  no  longer  be  any  question  of  the  aSlion  of  a 
particular  Jluid,  which  had  been  inconsiderately 
supposed  to  reside  in  the  Voltaic  column. 

These  experiments,  added  to  those  made  by 
Professor  Volta  himself,  besides  prove,  that  the 
adtion  of  the  above  column,  or  pile,  produced  by 
the  contadl  of  two  metals  which  touch  each 
other,  can  be  no  other  than  an  elecftrical  effedl:* 
As  the  results  they  furnish  may  be  explained  by 
the  a<%on  of  two  diverse  metals,  or  of  two  dif- 
ferent substances  which  are  employed,  the  sup- 
position of  a  particular  fluid  seems  to  be  entirely 
done  away ;  and,  consequently,  the  true  deno- 
mination of  the  Voltaic  pile,  ought  in  future  to 
be  eleBriCy  and  not  galvanic. 

This  furnishes  a  reply  to  the  question  which 
was  proposed  in  the  month  of  May  1801,  by  the 
Society  of  Sciences  of  Harlaem,  conceived  in  the 
following  terms :  Can  the  Voltaic  pile  be  ex- 
plained in  a  satisfactory  manner,  by  the  known 
laws  and  properties  of  ele6tricity  ;  or  is  it  neces- 
sary to  conclude  the  existence  of  a  particular 
fluid,  distindt  from  the  one  which  is  denominated 
eleflrical  ?  M.  Van  Marum,  as  well  as  his  co- 
operator,  M.  Ppaff,  had  been  before  nearly  per-^ 
suaded  of  the  existence  of  a  particular  fluid,  con- 
nedted  with  the  phenomena  of  the  pile,  because 
they  could  not,  without  such  a  supposition,  fully 

explain 
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cxplaift  to  themselves  the  results  of  the'experii^ 
mdnts  /made  bjr  several  naturalists^  and^ : aitiong^ 
others^  .'of  a  particular  experiment  tried  by  Fouj&w^ 
dRQjT,  VAUQUBLijr,  and  Thenard,  on  which  we 
shall  ."toudh  iin  the  sequel  of  the  present  ch&pter.^ 

Another  very  singular  and  surpriziftg  .result/ 
which /was.  afforded  by  the  experiments  pf  our 
liaturalists,  Cbndu6led  on  a  large  scale,  and  which^ 
according  to  them,  was  most  decisively  proved,  isy 
that  the  .current ^  ptit  in  iftotion.by  the  Voltaic 
jHle^  I  has  an  enc^in^tt^  celerity,  which  Surpassed^ 
all  tfe>t  the  unaginijtio.n  can  qonceive.  This:Wa» 
paif  icularly  demonstrated  by  the  following  expcr. 
pmentr-.A  baitfeery,  having  onp  Jiundred  and 
thirty-s^v^n  square  fetet  and  a  half  of  cpated  sur- 
faise,  i^iis  charged  by  the  pile,*  to  a  tension  equal 
to  ihe)0^e  possessed  by  itself,  by  a  contadt,  of  a$ 
shprtaidiirati^n  a$  possible,  of  the  communicat-j 
ing' wiif^rf  This  contadl  did  net  last  for  the 
twentieth  part  of  a  second. .  When  we  reflect  prL 
.ihiil  experimenty.it  will  not  appear  surprizing  that 
the  apparatus  of  Volta  should  produce  efFedls^ 
such  as  have  never  been  seen  when  common 
cle^lric'dl  machines  .  Ii^ve  been  employed;  The 
rapid  decomposition  pf  water  may  be  particu- 
larly cited  on  this  headv  The  above  phenomenon 
induced  M.  Van  Maeum  to  endeavour  to  aug- 
ment the  force  of  the  Voltaic  pile,  so  as  to  give 
it  a  still  more  depided  superiority.     The  efforts 
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li^  made  to  accomplish  this,  consisted,  in  tbe 
^t  instance,  of  a  more  perfedt  insulation,  of  the 
pile.  It  was  proved  by  this  insulation,  that  the 
lAiock  pltyduoed  by  a  pile  formed  oi  t#o  hundred 
pairs  of  plates,  has  so  violent  an  effect  on  the 
body  df  the  person  by  whom  it  is  received,  that 
those  by  whom  it  has  been  once  felt,  cannot 
prevail  otl  themselves  to  receive  it  a  second 
time. 

M.  Van  Mabum  afterwards  changed  the  pile^ 
or,  in  (Other  words,  caused  oifie  to  be  construded 
with  one  hundred  and  ten  pairs  of  metallic  platea* 
of  very  large  dimensions,  •  cotnposed  of  copper 
and  zinc.  With  this  pile  he  made  experimentSir 
similar  to  those  which  had  been  tried  by  otheif 
naturalists,  on  the  fusion  of  iron  vi^ires.  He  was 
Convinced,  by  one  of  these  experiments,  of  the 
impossibility  of  constru6ling  a  pile  of  a  consi« 
derable  height,  with  large  plates  which  shall  be 
produ6live  of  an  efte^l  proportioned  to  their  num* 
ber,  seeing  that  their  weight  occasions  too  great 
a  pressure  on  the  bits  of  pasteboard  at  the  infe- 
rior part  of  the  pile.  The  considerable  thickness 
of  the  plates  in  question  is  the  cause  of  this  in- 
convenience. He  therefore  contrived  to  divide 
the  pile  into  several,  in  such  a  way  as  to  form 
with  them  a  kind  of  chain,  in  which  the  combi- 
nation of  the  different  columns  would  be  ma- 
naged without    difficulty,   and    with  which   it 

would 


Wdnid  be  easier  and  more  convdnient  to  make 
the  experinientSj  than  with  a  pile  of  a  consider- 
able height.  Having  disposed  these  piles,  foirf 
in  number,  and  containing  colledively  one  hun- 
dred and  ten  pairs  of  plates,  in  such  a  way  as  to 
establish  a  communication  between  them,  the 
cflfedis  which  resulted  from  them  were  as  fol- 
lows :  , 

1st,  The  two  piles  which  contained  together 
fifty  pairs  of  copper  and  zinc  plates,  produced  a 
itrong  red  heat  in  eight  inches  of  iron  wife^ 
whidi  was  partly  melted. 

2dly,  The  two  piles  containttig  together  sixty 
pairs  of  plates,  produced  a  red  heat  in  six  inches 
of  iron  wire.  This  smaller  and  dispropor^' 
tionate  eflfe6l  our  naturalist  ascribed  to  the  pieces 
of  pasteboard  not  having  been  properly  moists 
i^ed. 

8dly,  The  four  piles,  when  united,  produced  a 
red  heat  in  twelve  inches  of  iron  wire  of  the  samt 
thickness. 

4thly,  The  wire  is  not  perfedlly  fused,  unless 
when  it  touches,  in  an  immediate  way,  the  edge 
of  the  upper  plate  of  the  column. 

5thly,  The  result  of  particular  experiments, 
made  with  a  view  to  ascertain  whether  there  is  a 
Very  sensible  difference  between  the  sparks  which 
are  emitted,  and  those  which  enter,  was,  that 
neither  M.  Pfafp,  nor  M,  Vak  Mahum,  nor 
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any  of  the  friends  who  were  present  at  the  expe^ 
riments,  could  observe  the  smallest  difterence 
between  the  emanative  sparks  (the  positive),  and 
the  entering  sparks  (the  negative),  in  the  con- 
dii6iing  wire.  They  simply  noticed  equal  irra- 
diating sparks. 

6thly,  The  latter  experiments  enabled  our 
naturalists  to  observe  a  very  fine  phenomenon, 
-well  calculated  to  attract  the  attention,  more 
(jarticdlarly  of  those  who,  being  present  at  phi- 
losophical experiments,  are  fond  of  witnessing 
the  splendid  efFeifls  they  occasionally  produce. 
■When  they  touched  the  surface  of  the  mercury 
■with  the  extremity  of  a  very  thin  iron  wire,  a 
combustion  of  that  part  of  the  wire  ensued.  The 
process  was  carried  on  so  forcibly,  that  sparki 
were  dispersed  on  every  side,  forming  thousandl 
of  apparent  rays^  which  represented  fine  suns  of 
a  considerable  diameter.   This  beautiful  spetSacle 
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of  about  T7  of  an  inch  in  diameter,  was  melted, 
and  formed  a  globe. 

Qtbly,  The  sparks,  more  particularly  those 
from  the  extremity  of  the  communicating  wire, 
when  it  was  not  too  thin,  had  a  diameter  of  more 
than  the  tenth  of  an  inch. 

Having  repeated  these  experiments,  which  de- 
monstrate the  great  powers  of  the  pile  he  had 
contrived,  M,  Van  Ma.kum  proceeded  to  examine 
the  tensions,  the  shocks,  and  the  charges  it  was 
capable  of  communicating  to  the  battery.  One 
of  the  most  essential  points,  according  to  him,  to 
be  enabled  to  obtain,  from  a  large  pile,  the 
greatest  possible  cfFe6l,  and  on  which  the  suc- 
cessful result  of  the  experiments  in  a  great  mea- 
sure depends,  consists  in  the  proper  degree  of 
the  humidity  of  the  pieces  of  pasteboard,  or  of 
the  other  substances  which  are  interposed  be-r 
^  tween  the  metallic  pairs  of  plates  ;  seeing  that 
too  great  a  proportion  of  moisture  is  equally  in- 
jurious with  its  defedtive  state.  A  saturated  and 
cold  solution  of  the  muriate  of  ammonia  is  best 
calculated  for  tlvese  experiments.  M.  Pfafp 
was  convinced,  as  well  as  M.  Van  Marum,  that  a 
warm  saturated  solution,  notwithstanding  it  may 
contain  a  greater  proportion  of  the  muriate  of 
ammonia,  has  not  an  equally  powerful  efFedt. 
Other  circumstances,  which  had  been  hitherto 
mnnoticed,  and  which  M.  Van  Marum  proposes 
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to  investigate  hereafter,  have  a  powerful  influence 
on  the  efFedls  of  a  large  pile,  which  are /thus  ex- 
posed to  greater  or  less  variations.  He  made 
several  researches  relative  to  the  causes  of  the 
more  considerable  efFcdls  of  large  piles,  in  the 
fusion  and  oxydation  of  metals. 

The  results  of  these  inquiries  are,  that  the  ten* 
$ions  of  two  piles,  having  an  equal  number  of 
plates,  although  of  very  different  diameters,  are 
absolutely  the  same  ;  and  that  a  battery  is  equally 
well  charged  by  either  of  them.  To  conceive 
how  two  piles,  the  tensions  of  which  are  so 
similar,  ^nd  which  are  equally  efficacious  in 
charging  large  batteries,  should  have  such  dif. 
ferent  effedls,  relatively  to  the  fusion  of  metals,  it 
is  essentially  necessary  to  distinguish  the  a6tion 
of  an  insulated  pile,  from  that  of  a  non -insulated 
pile,  by  the  current,  which  is  different  in  the  one 
and  in  the  other,  as  well  as  by  its  greater  degree 
of  celerity,  and  by  the  quantity  of  the, fluid 
which  the  discharges  transmit  in  equal  times. 

M.  Van  Marum  next  examines  what  are  the 
circumstances,  or  the  causes,  which  admit  or 
produce  a  greater  celerity,  in  the  current  propa- 
gated by  a  pile  of  the  largest  dimensions.  On 
this  subject  be  made  several  experiments,  which 
seem  to  prove  that  one  of  the  principal  causes  of 
this  effe(5l,  is,  that  the  humid  substances  placed 
between  the  metallic  plates,  and  which  ought 

not 


not  to  be  considered  as  the  best  condadlors,  pre* 
«ent  fewer  obstacles  in  a  large  column,  on  aci 
count  of  their  greater  breadth.  In  this  opinioii 
JM.  VoLTA  perfectly  coincides  with  him. 

He  proceeds  to  communicate  to  the  latter  a 
variety  of  experiments  made  by  him,  principally 
with  a  view  to  explain  whence  it  arises  that  the 
piles  have  a  more  sensible  efFedl,  when  the  humid 
tfobstances  contain  muriate  of  ammonia,  and  why 
the  current  is  then  much  more  powerful*  A 
large  pile  of  twenty  pairs  of  plates,  constructed 
ifith  pieces  of  pasteboard  dipped  in  the  muriate 
of  ammonia,  melted  into  globules,  in  the  usual 
Way,. four  inches  of  iron  wire;  while  anothier 
pile,  of  the  same  size,  and  containing  likewise 
twenty  pairs  of  plates,  provided  with  pieces  df 
pasteboard  dipped  in  a  solution  of  muriate  of 
•coda  (common  salt),  neither  melted,  nor  even 
ignited,  a  single  line  of  iron  wire.  A  third  pile, 
construdled  with  pieces  of  pasteboard  dipped  in 
pure  water,  produced  a  still  smaller  eiFedl,  rela-r 
tively  to  the  sparks.  There  can,  therefore,  be 
lio  longer  any  doubt,  but  that  the  quantity  of 
the  eleftric  fluid,  in  the  current  of  the  first  pil?, 
WHS  much  greater,  or,  which  is  the  same  thing, 
that  this  current  had  a  much  greater  celerity, 
than  that  of  the  columns  in  the  case  of  whiah 
the  pieces  of  p^asteboard  were  either  dipped  in 
Wata-^  or  in  th^  aolution  of  tbr  ;muri^e  of  sodp. 
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But  what  is  the  cause  of  this  greater  celecity  tit 
tTie  motion  of  the  current  i  Is  it  to  be  ascribed 
fo  the  circumstance  of  the  muriate  of  ammoui^ 
oxydating  the  metals  after  its  decompositioa  ? 
.This  decomposition  is  fully  proved  in  the  column, 
by  the  strong  ammoniacal  smell  which  is  perr 
ceivcd  shortly  nfter  it  has  been  construtSed,  and, 
still  more  particularly,  after  it  has  been  taken  Ut 
pieces.  It  is  likewise  evidently  to  be  perceived, 
that  the  muriatic  acid  of  this  decomposed  salt, 
strongly  oxydates  tlie  surfaces  of  the  cop|)er  and 
zinc ;  and  that  this  oxydation,  in  proportioB  u 
it  becomes  less,  weakens  also,  in  the  same  ratio, 
■the  efFei3  of  the  column. 

'  The  above  experiments  appeared  to  M.  Vajt 
Mabvm  to  be  highly  favourable  to  the  opinioa, 
that  the  oxydation  of  metaHic  substances,  con- 
sidered as  such,  contributes  powerfully  to  augr 
L  the  ciTiids  of  the  i)ile.     A?  he  still,  how- 
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Hients  which  should  illustrate  this  fa6t,  and  re* 
move  every  doubt  which  could  possibly  be  enter- 
tained. The  following  is  a  concise  detail  of  these 
experiments,  and  their  results. 

Experiment  I.  Our  naturalists  steeped  bits  of 
pasteboard  in  the  sulphuric,  nitric,  and  muriatic 
acids,  sometimes  concentrated,  and  at  other  times 
"diluted  in  a  greater  or  less  degree,  employing  a 
pile  of  thirty  pairs  of  metallic  plates,  of  ^inc  and 
copper,  each  of  them  having  a  diameter  of  an 
inch  and  a  half.  They  likewise  employed  piles 
construdled  with  ten  pairs  of  plates  having  a  dia- 
meter of  five  inches.  They  were  desirous  to 
ascertain  whether  the  efFedt  of  these  different 
jpiles  would  be  more  or  less  powerful,  in  propor^ 
4ion  as  the  oxydation  of  one,  or  of  both  the 
fnetals,  should  be  produced  with  a  greater  degree 
of  promptitude.  They  could  not  observe  any 
augmentation,  either  of  the  tensions,  of  the  com- 
motions, or  of  the  sparks,  in  proportion  as  the 
oxydation  of  the  metals  was  more  speedily  brought 
^bout.  These  effects  were  even  weaker  in  the 
experiments  with  the  nitric  acid,  whether  con- 
centrated, or  diluted,  and  in  the  case  of  which 
the  oxydation  of  the  two  metals  went  on  with 
great  rapidity,  than  in  a  similar,  comparative,  pile, 
the  pieces  of  cloth,  or  of  pasteboard,  introduced 
into  which,  had  been  dipped  in  a  solution  of  the 
,fnuriate  of  ammonia.  .It  re3^1t$  from  hence^  (hat 

this 
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this  experiment  was  by  no  means  favourable  t<J 
the  opinion,  that  the  oxydation  of  the  metals^ 
considered  as  such,  is  the  principal  cause  of  the 
augmentation  of  the  efFe6l  of  the  current  of  the 
piles,  in  which  the  muriate  of  ammonia  is  em- 
ployed^ 

Had  this  conclusion,  however,  been  drawn  in 
Im  absolute  way,  it  would  have  been  too  pred-» 
pitately  made,  seeing  that  it  is  possible,  in  the 
case  in  question,  that  the  oxydation  is  brought 
about  in  a  manner  which  differs  from  that  of  the 
acids,  and  that  it  is  better  calculated  to  produce 
the  effedl  of  the  augmentation  of  the  current  of 
the  pile.  May  not  the  a6lion  of  the  ammonia 
on  the  copper^  likewise  contribute,  in  a  certaiii 
degree,  to  tliis  efFe6l  ?  With  a  view  to  ascer^ 
tain  what  this  a6lion  can  eWeAj  alone,  and  with- 
out being  combined  with  the  oxydation  produced 
by  the  muriatic  acid  of  the  decomposed  muriate 
of  ammonia,  our  naturalists  dipped  in  ammo- 
nia, the  pieces  of  pasteboard  belonging  to  a  co^ 
lumn  of  thirty  pairs  of  copper  and  zinc  plates, 
each  having  a  diameter  of  an  inch  and  a  halt 
They  now  observed,  that  the  effeds  of  the  cur-* 
rent  of  this  pile  were  much  weaker  than  those 
of  a  similar  pile,  the  pieces  of  pasteboard  belong- 
ing to  which  had  been  moistened  with  the  mu- 
riate of  ammonia, 

Ewfieriment  II.   With  respcA  to  the  ipflvience 

of 
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of  the  oxydation  OQ  the  efFcdl  of  the  pile,  they 
4eemed  it  esseutial  to  inquire  iato  the  results 
the  latter  would  afford,  in  vacu^^  in  different 
gases  destitute  of  o:j^ygen,  and  in  oxygen  gas, 
pure  and  without  mixture.  In  this  experiment, 
they  employed  a  pile  of  sixty  pairs  of  plates,  of 
silver  and  zinc,  having  a  diameter  of  an  inch  and 
a  half,  with  pieces  of  cloth  dipped  in  a  solution 
of  ammonia.  The  pile  was  placed  beneath  a 
cylinder  covered  over.  After  having  nicely  ob-r 
served  its  tensions,  and  the  efFafts  of  its  current, 
that  is,  the  sparks,  the  shocks,  ^nd  the  decom^ 
position  of  the  water,  they  made  ^  vacuum  in 
the  cylinder.  The  above  effects  had  now  so  great 
a  resemblance  to  those  observed  in  the  atmo-« 
iBpherical  air,  that  no  sensible  difference  was  to 
J)e  noticed.  It  may  not  be  amiss  to  remark  here, 
that  the  French  naturalists,  Biox  and  Cuvier, 
had  already  proved,  by  similar  experiments,  that 
the  action  of  the  pile,  which,  when  the  process  is 
carried  on  in  the  open  air,  absorbs  a  part  of  it| 
oxygen,  likewise  takes  place  in  vacuo. 

The  effedls  were  likewise  the  same,  after  the 
pile  had  been  in  vacuo  for  a  considerable  space  of 
time«  The  introdudion  of  the  carbonated  hy* 
drogenous  gas,  drawn  from  olive  oil,  and  carefuU 
ly  preserved,  was  not  produiftive  of  the  smallest 
variation  in  the  results.  It  was  the  same  with 
|hf  azotic  gas,  wh^n  intrpduc^d*  But  when  the 
•  oxygen 
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OKVgen  gas,  in  a  very  pure  state,  and  drawn  from 
manganese,  was  employed,  the  shocks  produced 
by  the  pile  were  more  powerful,  and  the  sparks, 
larger,  more  brilliant,  and  obtained  with  greater 
facility.     The  vacuum  having  been  made  in  the 
cylinder,  the  spedlators  were  very  much  surprized 
to  gee  that  these  efFecSs  were  greatly  diminished. 
The  oxygen  gas  having  been  introduced  a  second 
time,  the  results  were  manifested  in  the  same 
way  as  before.     This  experiment  having  been  re- 
peated a   third    time,  in  each  of  the   different 
ways,  the  efFe6ls  which  were  produced  were  per- 
fectly similar.     The  variations  in  the  results,  re- 
latively to  the  influence  of  the  vacuum  on  the 
aftion  of  the  pile,    in  the  employment  of  the 
oxygen  gas,  occasioned  a  considerable  degree  of 
surprize  in  M.  Van  Marum.     Before  he  should 
venture  to  come  to  any  decision  on  this  subjedl, 
it  was  his  intention  to  observe,  likewise,  the  im- 
pression of  the  azotic  and  carbonated  hydrogen 
gases  on  the  pile,  after  its  having  been  exposed 
to  their  a6tion  for  a  considerable  length  of  time ; 
and  to  repeat  this  experiment  in  vacuoy  and  in 
the  different  gases,  with  piles  the  pieces  of  paste- 
board introduced  into  which  should  be  steeped  in 
water,  instead  of  the  muriate  of  ammonia  ;  see- 
ing  that  the  a6tion  of  such  a  pile  would  be  more 
unifoim. 
' Ex},er:ment  III.     Finally,  to  judge  of  the  in- 

fluence 
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fkience  of  the  oxydation  on  the  ^6lion  of  a  pile, 
oiir  naturalists  considered  that  it  would  be  expe- 
dient to  make  a  trial  with  piles,  the  pieces  of 
pasteboard  introduced  intp  which  should  be 
steeped  in  solutions,  not  having,  in  the  smallest 
degree,  a  tendency  to  oxydate  the  metals.  Ac- 
cordingly, the  circular  pieces  of  pasteboard  in- 
troduced between  twelve  pairs  of  metallic  plates, 
having  a  diameter  of  five  inches,  were  steeped  in 
•a  solution  of  potash,  as  highly  concentrated  as 
pos$ible«  This  pile  had  a  much  greater  efft£^ 
than  another  of  a  similar  kind,  the  pieces  of 
pasteboard  employed  in  which  had  been  steeped 
in  pure  water.  The  sparks,  which  had  a  radi- 
ated appearance,  were  visible  at  the  third  pair  of 
plates  from  below,  and,  above,  at  the  twelfth  pair^ 
of  the  former  of  these  piles  ;  while,  in  the  latter, 
they  were  scarcely  perceptible  at  the  eleventh 
and  twelfth  pairs.  In  the  case,  of  the  former, 
when  it  was  taken  in  pieces,  the  polished  surfaces 
of  the  zinc  and  copper  had  not  suffered  tha 
smallest  change  from  the  potash.  The  efFedl  of 
circular  pieces  of  pasteboard,  steeped  in  the  sul* 
phuret  of  liquid  potash,  was  much  weaker^  and 
of  a  very  short  duration. 

In  concluding  his  letter,  of  which  we  have 
made  a  very  faithful  analysis,  M.  Van  Maeum 
likewise  communicates,  the  resultsof  several  ex- 

periraentt 
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periments  made  by  him,  at  jT  ledlure  he  had  oc^ 
casion  to  give  in  the  Teylerian  Hall  at  Harlaetny 
on  the  eledlric  pile  of  Volta*  In  the  first  of  these 
experiments,  made  with  a  battery,  the  nutnber 
of  the  pairs  of  plates,  having  a  diameter  of  five 
inches,  employed  in  which,  was,  for  the  first 
time,  augmented  to  two  hundi-ed,  comprised  in  a 
chain  of  six  piles,  he  succeeded  in  melting  com* 
pktely,  into  globules,  ati  iron  wire  twenty-eight 
inches  in  length ;  and  in  igniting,  throughout 
its  whole  extent,  another  iron  wire  thirty-eight 
inches  in  length.  In  the  second  experiment,  several 
ofthe  persons  who  were  present,  could  not  observe 
the  smallest  difference,  after  having  successively 
felt  the  shocks  of  two  piles,  one  composed  of 
twenty  pairs  of  plates  of  copper  and  zinc,  having 
a  diameter  of  an  inch  and  a  half  onlv,  and  th^ 
t)ther  provided  with  an  equal  number  of  pairs  of 
plates,  of  five  inches  diameter.  The  result  of 
the  third  experiment  was  the  same,  relatively  to 
the  commotions  of  a  pile  constru6led  with  twen- 
ty pairs  of  metallic  plates  having  a  diameter  of 
ten  inches ;  and  of  another  pile  provided  with  an 
equal  number  of  pairs  of  plates,  with  a  diameter 
of  an  inch  and  a  half  only. 

The  fourth  experiment  demonstrated  that  the 
force  of  a  pile  does  not  augment  in  proportion  td 
the  surfaces  of  the  pairs  of  metallic  plates,  seeing 

thai. 


that,  in  a  pile,  twenty  pairs  of  these  plates,  hav- 
ing a  diameter  of  five  inches  only,  were  capable 
of  melting  four  inches  of  iron  wire. 

Such  is  the  substance  of  the  very  itittresting. 
communication  of  M.  Van  Marum,  on  the  iden- 
tity of  the  eledlric  and  galvanic  fluids.  He  an- 
nounces, in  a  postscript,  his  intention  to  address 
mother  letter  to  M.  Volta,  containing  a  serieft 
of  new  experiments  made  by  him.    . 

tn  another  communication  made  to  M.  Ber- 
9HOLLKT,  in  Paris,  this  celebrated  naturalist  writes 
M  follows  :  *'  Since  my  last,  I  have  succeeded 
iti  the  decomposition  of  water,  by  the  means  of 
the  current  of  the  eleftrical  machine,  provided 
with  a  plate  of  thirty -one  inches  diameter,  con- 
•trusted  by  me  on  a  new  plan*.  As  you  re- 
vested of  M.  Ppapp  to  propose  this  experimeat 
to  me,  I  cannot  do  less  than  inform  you  of  the 
mode  I  pursued  in  accomplishing  the  aim  I 
bad  in  view.  I  took,  a  thermometrical  tube,  of 
the  kind  employed  in  making  the  most  sensible 
thermometers  of  Craword  and  Hunter,  for 
which  purpose  I  had  procured  several  of  these 
tubes  some  time  before  in  London.  Its  diameter 
ioteriorly,  was  not  more  than  the  hundredth  pai$ 


^  This  machine  is  particularly  detcribed  in  tbe  JonmuJ.  i$ 
n^sique  for  Jud^  199^ 

of 
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of  an  inch  ;  and  I  introduced  into  it,  an  iroif 
wire  of  the  diameter  of  about  the  three  hun- 
dredth part  of  an  inch,  to  the  depth  of  aboutK 
twelve  inches.  I  now  closed  the  end  of  my  their- 
mometrical  tube  with  sealing  wax,  in  such  a  way 
as  that  the  extremity  of  the  iron  wire  should 
scarcely  project: ;  and  placed  the  tube  itself,  by 
the  means  of  a  cork,  within  a  larger  tube  con-** 
taining  water.  The  rest  of  th^^  apparatus  was 
arranged  in  the  customary  manner.  By  direiS- 
kig  the  powerful  current  of  the  above*mention^ 
ihachine  to  this  apparatus,  the  copper  ball  b^ 
longing  to  which,  placed  on  the  thermometripal 
ivhe,  was  at  the  distance  of  about  three  or  four 
lines  from  the  conductor,  1  succeeded  in  decom<^ 
posing  the  water  with  a  promptitude  nearly  equal 
to  that  whichi  results  from  a  Voltaic  pile  of  a 
hundred  pairs  of  metallic  plates." 

In  the  month  of  April,  1801,  several  interest-^ 
ing  galvanic  experiments  were  made  at  Berlin,  by 
Major  Helvige,  of  the  Swedish  service,  Profes- 
sors BouRGUET  and  Hermann,  and  Dr.  Graven-' 
ciESSEH.  They  began  by  the  construction  of  a 
galvanic  pile,  according  to  the  principles  laid 
down  by  Volta,  in  the  formation  of  which  they 
employed  gold  and  zinc.  The  former  of  these 
metals  consisted  of  the  Prussian  coins  denominat- 
ed double  Fredericks,  not  struck,  a)id  between 
these  coins  and  circular  pieces   of  zinc  of  the 

same 


time  size,  bits  of  cloth  mdistened  with  saltwater 
were  introduced:  By  this  Apparatus  the  shocks, 
the  sparks,  and  the  decomposition  of  water  into 
ite  two  constituent  gases^  were  readily  produced. 

They  now  eohstrudled  anbthei"  apparatus,  the 
piles  belonging  to  which  were  com  pdsefd  of  pieces' 
of  silver  arid  zinc.  They  werfe  desirous  to  as- 
certain which  of  the  two  modes  would  con- 
stantly produce  the  greatest  efFe6t ;  but  as  each 
apparatus  separately  afforded  a  great  irregularity 
in  its  products,  they  could,  see  no  just  motive 
for  giving  an  exclusive  preference  to  the  one 
over  the  other.  A  fadt,  however,  which  had  not 
been  noticed,  was,  that  when  the  efFedls  of  the 
two  piles  were  combined,  by  the  means  of  a  mef- 
tallic  chain,  fitted  to  the  base  of  one  of  them, 
and  to  the  top  of  the  other,  so  as  to  be  in  con- 
tadl,  on  the  one  hand,  with  the  gold,  and,  on 
the  other,  with  the  ^ine,  so  great  an  abundance 
of  the  galvanic  fluid  was  produced,  as  to  be  ca- 
pable of  extending  the  shock  to  the  shoulders ; 
while,  with  the  common  apparatus,  it  was  barely 
sufficient  to  render  it  sensible  at  the  elbows. 

Our  naturalists  found  that  the  spark  is  to  be 
obtained  much  quicker,  either  between  the  two 
condu6tors  of  a  single  pile,  or  between  those  of 
a  combined  system,  when  their  extremities  are 
terminated,  one  of  them  by  the  point  of  a  bit  of 
yery  small  iron  wire,  and  the  other  by  a  button. 
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The  spark,  which,  on  the  supposition  that  the 
extremities  are  not  terminated  in  this  way,  is 
.procured  with  some  difficulty,  soon  appears  iin- 
.  der  the  above  circumstances,  and  is  accompanied 
by  a  powerful  detonation.  If  it  be  intended, 
however,  that  this  effeA  should  have  the  greatest 
possible  intensity,  it  is  necessary  to  cover  with 
gold  leaf  both  the  point  and  the  button  of  the. 
conductors. 

This  last  discovery  was  the  result  of  accident. 
It  became  necessary  to  consult  Bsnm  bt*8  elec- 
trometer, to  ascertain  the  efFe6l  which  would  be 
produced  on  it  by  the  Voltaic  apparatus.  For 
this  purpose  the  button  was  laid  on  the  top  of 
the  eledlrometer,  and  the  point  introduced  as  £bt 
as  the  gold  leaves,  which  instantly  performed  the 
function  of  a  condncior,  and  determined,  in  a  man- 
ner equally  powerful  and  unexpected,  the  escape 
of  the  spark  ;  a  result  wliich  had  been  but  im- 
perfectly obtained  by  the  common  means.  From 
that  moment,  the  extremity  of  each  of  the  con- 
dudlors  was  coated  with  gold  leaf,  and  a  strong 
spark  constantly  obtained  with  promptitude  and 
ease.  This  expedient  was  resorted  to,  with  the 
utmost  success,  in  inflaming  phosphorus,  sub- 
limed sulphur,  the  fulminating  gas,  and,  lastly, 
gunpowder,  the  combustion  of  which  usually 
resists  the  aiiion  of  the  ele(5lric  fluid.  The  fol- 
lowing remark  was,  notwithstanding,  made,  tliat, 

in 


tti  tbe  course  of  these  experiments,  the  gold  I§af 
by  which  the  extremity  of  each  of  the  conduq-t 
tors  was  covered,  wa$  itself  melted,  and  reduced 
into  a  globule,  more  or  leiss  perfeft,  according  to 
the  force  of  the  spark. 

Our  naturalists  ascertained,  with  Mr.  NiCHOL-r 
SON,  the  inverse  statei  of  the  two  condudlorsi 
When  subjedled  to  the  test  of  the  eledlrotneter 
of  condensation^  the  silver  was  found  to  be  nega-r 
tivc^  and  the  zinc  positive.  They  did  not  stop  ' 
here ;  they  charged  b  Leyden  phial  with  the  pror 
du<9:  of  the  pile,  by  the  intervention  of  Volta'j 
condenser^  The  two  surfaces  of  t^e  phial,  whiclji 
Memed  to  be  d^edient  to  the  general  law,  wer^ 
differently  efFedled;  and,  which  appealed  suf^ 
prizing,  it  did  not  afford  a  shock  that  could  in 
my  way  be  oompjared  to  the  ^lightest  simply 
galvanic  shocks  whatever  precautions  were  takeiji 
in  charging  it ;  with  whatever  quantity  of  the  flui4 
it  was  charged ;  aind  however  this  quantity  vmf 
Accumulated  i  notwithstanding  a  small  fra6lio^ 
of  s«eb  a  quantity,  proceeding  from  the  Voltaic 
apparafeus^  would  have  produced  a  pretty  violent 
shock. 

Finally^  being  desirous  to  subject  other  elec- 
tric' efFe6ts  to  the  te§t  of  galvanism,  they  suc- 
ceeded in  producing,  by  the  help  of  two  con- 
densers, the  figures  of  Liqhtenbbrg,  with  the 
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^ame  dissimilarities,  and  with  forms  resembling 
those  which  they  assume  in  the  electric  fluid. 

Such  are,  in  substance,  the  results  of  the 
operations  of  the  Berlin  naturalists^  It  is  to  be 
lamented  that  they  did  not  come  to  a  certain 
conclusion,  relatively  to  the  nature  of  th^e  fluid 
which  is  manifested  in  galvanic  experiments,  to 
the  end  that  every  doubt  might  at  length  be  re- 
moved on  that  head.  It  is,  unquestionably,  im- 
possibte  not  to  recognize  the  similitude  between 
this  fluid  and  eledlricity ;  but  if  any  one  weri 
disposed  to  believe  that  there  exists,  between 
these  fluids,  aperfe6b  identity,  the  experiments 
of  the  Berlin  naturafists  would  be  subversive  of 
every  presumption  of  that  kind. 
*  The  last  experiment  made  by  them,  and  which 
is  the  one  best  calculated  to  induce  a  belief  that 
galvanism  and  ele6lricity  are  of  a  different  na* 
ture,  consists  in  their  having  insulated  the  appa- 
ratus, and,  together  with  it^  a  glass  tube,  in 
which  the  galvanic  influence  produced,  by  the 
approximation  of  two  condudlors,  a  decomposi- 
tion of  water.  They  now  went  over  the  whole 
of  this  process  with  a  pretty  large  eledlrical  ma- 
chine, tlie  a6lion  of  which  they  substituted  to 
that  of  the  Voltaic  pile.  Notwithstanding  they, 
in  this  instance,  obtained  very  strong  sparks,  the  - 
water  contained  in  the  tube  did  not  undergo  any 

change 
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change  or  modification.  This  would  seem  to 
demonstrate^  not  merely  that  there  is  not  any 
analogy  between  the  two  fluids,  but  likewise  that 
their  a<5Uon  is  independent,  and  that  the  greatest 
abundance  of  ele(5lricity  does  not  in  any  degree 
influence  the  galvanic  process. 

On  another  hand,  if  particular  circumstances 
be  well  weighed  and  considered,  such,  for  in- 
stance, as  the  more  powerful  action  of  the  pile, 
produced  by  the  means  of  the  interposed  pieces 
of  cloth,  dipped  in  a  fluid  charged  with  ammonia, 
by  which  the  oxygen  is  readily  disengaged :  if 
we  next  consider  that,  by  the  interposition  of  an 
animal  substance  between  the  metallic  plates,  it 
liecomes  apparent  that  the  flesh  is  irritated  and 
reddened,  on  the  side  which  is  in  conta6l  with 
the  silver,  while  it  is  reduced  into  a  greasyj  or 
de-oxydated  animal  substance,  on  the  side  which 
touches  the  zinc :  if  we  consider  likewise,  that 
the  apparatus  is  so  much  the  more  susceptible 
of  energy,  as  it  is  better  provided  with  metals 
aubjedted  to  the  adlion  of  the  oxygen ;  and, 
finally,  that  the  metallic  plates  are  sensibly  cor^ 
roded,  after  the  pile  has  been  made  to  a6l  for 
any  length  of  time ;  and  that,  when  there  is  no 
longer  any  oxygenous  substance  interposed  be^ 
tween  the  metals,  the  galvanic  a6lion  ceases  en^ 
tirely  ;  it  will  hence  be  impossible  not  to  avow 
^hat  the  presence  of  oxygen^  and  likewise  its 
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adlion  on  any  given  substance^  are  necessary 
conditions  to  the  produ6lion  of  galvanism ;  and 
that  the  galvanic  phenomena,  not  only  have  a 
cause  extraneous  to  that  of  eledricity,  but  like- 
wise have  an  absolute  dependence  on  the  oxygen^ 
without  the  concurrence  and  a6lion  of  which  it 
has  been  hitherto  impracticable  to  produce  the 
^fFecfts  of  what  is  denominated  the  galvanic 
Jluid. 

The  galvanic  experiments  of  Professor  Trom8% 
•DORPP,  of  Erfurth,  are  well  entitled  to  notice^ 
-He  construc^ted  a  pile  of  a  hundred  and  eighty 
layers  ^f  copper,  zinc,  and  pasteboard,  with 
%hich  he  obtained  violent  shock,  and  very  strong 
i«parks.  After  having,  by  the  means  of  this  ap- 
ijmratas,  brought  about  the  disengagement  of 
oxygen  and  hydrogen  gases,  as  well  as  the  oxyda- 
tion  and  de-oxydalion  of  metals,  he  subjedled  to 
its  adlion  different  metallic  substances,  and,  among 
'Others,  the  metals  which  are  not  oxydable  in  air; 
the  whole  of  which  were  ignited  by  the  galvanic 
|)itc)cess.  A  bit  of  fine  gold  leaf,  when  inade  to 
•communicate  with  the  extremity  of  the  pile  which 
was  terminated  by  the  zinc,  burned,  decrepitated, 
'and  produced  a  vivid  light.  A  bit  of  silver  leaf 
burned  with  a  blue  flame ;  brass,  with  a  reddish 
blue  flame ;  copper,  with  a  blue  flame  inolining 
to  the  colour  of  the  emerald  ;  zinc,  witli  a  whitish 
i)lue  flange  ;  tin,  with  ^  reddi^  ^siiite  flame,  &c. 

For 
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TPor  this  purpose  it  is  necessary  that  the  metals 
should  be  finely  ^laminated.     The  Professor  did 
not  entertain  any  doubt,  but  that,  by  augmenting 
the  force  of  the  apparatus,  metallic  substances 
itiight  be  burned  in  still  more  considerable  masses. 
When  he  fell  on  the  expedient  of  oxydating  the 
taetdls'stWed  noble,  in  hollow  spheres  of  glass, 
they   were  entirely  consumed,    and  distributed- 
themselves  over  the  internal  surface  of  the  globes. 
He  expresses  himself  in  the  following  manner, 
on  the  subjedl  of  the  resolution  of  water  into 
oxygen  and  hydrogen  gas,  by  the  galvanic  fluid. 
*'  We  are  at  this  time  fully  occupied  in  Germany 
with  galvanic  experiments.    M.  Ritter,  a  young 
man  of  very  conspicuous  talents,  devotes  himself 
entirely  to  this  branch  of  natural  philosophy,  re- 
latively  to  which  he  has  made  several  very  in^ 
gemous  experiments.   He  flatters  himself  that  he 
can  prove,  in  a  clear  and  satisfadlory  manner, 
that  water  is  a  simple  body  ;  and  his  friend,  Pro* 
fessor  Ppaff,    asserts  that  he  has  transformed 
this  liquid  into  a  con*esponding  quantity,  either 
of  oxygen  gas,  or  of  hydrogen  gas.    My  pile  is 
extremely  powerful,   and  consists  of  plates,  or 
discs,  of  zinc  and  copper,  with  round  pieces  of 
pasteboard  impregnated  uith   salt  water.     It  is 
of  great  importance  that  the  pile  should  be  well 
insulated,  and,  more  particularly,  that  the  fluid 
should  not  floW;^  in  ^ he  smallest  proportion,  on 

15:4  the 
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the  edges  of  the  discs.  Notwithstanding  I  canv 
not  account,  in  a  satisfa6tory  nianner,  for  the 
efFe6ls  of  the  Voltaic  pile,  I  am  still  far  from 
concluding,  with  Ritter  and  Pfafp,  that  water 
is  an  indecomposed  body,  and  that  the  destruc-* 
tion  of  the  splendid  edifice  of  modern  chemistry 
is  the  inevitable  consequence  of  their  experit 
ments." 

Brugnatelli,  in  his  Annals  of  Chemistry  *, 
has  published  a  memoir  under  the  head  of 
^'  Chemical  Observations  on  the  Ele^lrip  Acid/* 
This  memoir  may,  at^  first  view,  appear  to  have 
but  an  indiredl  connexion  with  galvanism ;  but 
if  it  be  considered  that,  to  be  enabled  to  conr 
elude  definitively  and  with  certitude,  that  the 
j^ledtric  fluid  and  the  galvanic  fluid  are  identical, 
it  is  necessary  to  know  the  real  nature  of  the 
former  of  these  fluids,  the  utility  of  the  subject 
in  question,  in  the  prpsecution  pf  galvanic  in- 
quiries, will  be  readily  admitted. 

"  Naturalists,"  observes JBrugnatelli,  "have 
hitherto  merely  abandoned  one  erroneous  hypor 
thesis  for  anqther,  in  considering  the  nature  of 
the  ele6lric  fluid.  Some  have  regarded  it  as 
identical  vvjth  heat ;  while  others  have  been  led 
to  consider  it  as  a  modified  caloric.  The  disr 
piples  pf  Stahl  ascribed  to  it  the  nature  pf  their 


*  Vol.  xyiu.  p.  136. 

phlogistic^ 
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phlogistic,  6r,  at  the  least,  supposed  it  to  be  a 
fluid  abundantly  provided  with  that  principle. 
Henley  conje6tured  it  to  be  phlogistic,  when  in 
H  state  of  repose,  and  fire,  when  in  a  state  of 
a6tivity.  Among  the  moderns,  several  have  been 
found  who  have  declared  it  to  be  an  acid  ;  but 
their  opinion  has  been  combated  by  Gardani, 
ivho,  by  the  means  of  several  ingenious  obser- 
vMions,  has  endeavoured  to  demonstrate  that  it 
is  composed  of  caloric  and  hydrogen.** 

The  results  of  a  great  number  of  eledlrical 
experiments,   recently  made  by  Brugnatelli, 
have  led  him  to  subscribe  to  the  opinion  of  the 
naturalists  who  consider  it  as  a  fluid  differing 
from  all  others  hitherto  known,     Entertaining 
no  longer  any  doubt  but  that  it  is  of  an  acid 
nature,  he  has  classed  it,  in  the  system  of  chemi-r 
cal  bodies,  under  the  denopainatio^  of  ooci-eleSlriQ 
(eledric  acid) .     It  is,  he  observes,  a  fluid  nearly 
equal  in  subtility  to  the  fluids  of  light  and  ca-^ 
loric.     It  has  a  peculiar  and  disagreeable  smell, 
jvhich  has  some  resemblance  to  that  of  phos^ 
phorus.     It  has  a  pungent  and  acid  tast:e.     It 
irritates  and  enflames  the  skin.     It  is  true,  that 
this  inflammation  speedily  subsides,    when  the 
part  is  washed  with  water  in  which  a  small  pro- 
portion of  ammonia  has  been  dissolved.     If  the 
electric  fluid  be  transmitted  to  a  wound,  it  occar 
%\on%  a  buriiing  sensation^   similar  to  the  onp 
f  whicl^ 
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which  is  produced  by  any  other  acid .  It  reddens 
the  tindlure  of  turnsol,  which  recovers  its  blue 
colour  in  proportion  as  the  fluid  passes  off.  It 
penetrates  into  metals,  into  the  substance  of 
Ivhich  it  insinuates  itsdf,  with  a  greater  or  lestf 
facility,  according  to  their  nature.  When  in  its 
a6live  state,  it  dissolves  them  in  the  same  way  as 
water  dissolves  salts,  transporting  their  particles 
to  long  distances,  through  a  great  number  of 
bodies.     It  is  also  soluble  in  water. 

If,  in  an  aqueous  solution  of  the  eledlric  oxyd, 
metals  be  steeped,  the  greater  part  of  them  will 
be  oxydated  at  the  ex  pence  of  the  water,  and 
hydrogen  gas  will  be  disengaged.-    But,  with  re- 
8pe6l  to  the  metallic  oxyds,  our  naturalist  has 
found  that  the  presence  of  the  eleflric  acid  ren- 
ders them  saline,  and  favours  the  produ6lions  of 
eleBrats.     The  ele(9:rat  of  copper  is  of  a  fine 
and  transparent  green  colour  ;  that  of  zinc  of  a 
deep  and  opaque  grey  colour ;  that  of  silver,  of 
a  transparent  white  ;  thnt  of  iron,  of  an  opaque 
red,  inclining  to  yellow,  &c.    The  metallic  elec- 
trats  are  not  soluble  in  water;  but  the  ele<^fic 
acid  is  capable  of  transporting  them  to  considera- 
ble distances  through  that  medium,  and  of  thus 
depositing  them  on  other  metals  of  a  different 
nature.     They,  in  this  case,  assume  the  appear- 
ance of  saline  crusts,  sometimes  irregular,  and 
displaying,  at  other  times,  a  surprizing  regularity. 

The 


Tlie  experiments  which  led  our  naturalist  to 
Ascertain  the  acid  nature  of  the  eleftric  fluid, 
were  publicly  repeated  a  considerable  number 
if  times,  in  the  presence  of  several  accomplished 
chemists^  among  whom  is  to  be  reckoned  his 
Tcry  learned  colleague  and  friend  Volta.  The 
latter  engaged  to  furnish  him,  for  the  subsequent 
volumes  of  his  Annals  of  Chemistry,  with  severid 
new  inquiries  on  the  same  subjedl  *. 

The  electrical,  or,  rather,  galvanic  apparatus, 
employed  by  our  author  in  the  above  experi- 
ments, was  the  one  which  Volta,  by  whom  it 
^^^as  invented,  denominates  chopelet  de  tasses,  or, 
in  other  words,  it  consisted  of  a  range  of  cups^ 
He  plunged  into  one  of  these  cups  a  small  square 
iamina  of  zinc,  soldered  to  a  curved  length  of 
tnrass  wire,  which  was  brought  over  into  the  ad- 
jacent cup,  and  thus  consecutively.  The  cups^ 
fifty  in  nfimber,  were  all  of  them  filled  with 
water  impregnated  with  saltl  The  metallic  arc* 
were  stationed  in  such  a  way  as  that  the  zinc 
6hould  constantly  precede  the  brass.  The  two 
cups  at  the  extremities  were  made  to  commu- 
nicate with  each  other  by  the  means  of  a  large 
metallic  wire. 

*  On  this  occasion  he  likewise  promised  to  give  an  exa& 

description  of  the  apparatuses  employed  by  him,  several  of 

which,  having  a  peculiar  tffc6t,  and  a  particular  construdion, 

Arp  not  as  yet  knowii/ 

The 
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The  first  six  paragraphs  of  the  chemical  obser- 
yations  of  Brugnatelli^  contain  a  detail  of  ex- 
periments which  could  not  be  well  comprehended 
Wthout  the  plates  by  which  they  are  accom- 
panied ;  but  which  prove  that,  by  the  means  of 
the  eleiftric  acid,  very  beautiful  crystallizations 
are  to  be  obtained  on  different  metals.  In  the 
fifth  paragraph  he  observes,  that  he  has  seen 
crystals  of  silver  formed  on  a  rod  of  platina, 
plunged  into  the  same  cup  with  a  silver  wire. 
These  crystals  had  been  driven  to  the  platina  by 
the  eledlric  current.  In  another  experiment  he 
observed  that  the  silver,  when  crystallized  on  the 
platina,  preserved  all  its  metallic  brilliancy. 

Jn  the  three  following  paragraphs  our  author 
explains  the  chemical  chara6leristics  pf  the  elec* 
trats  of  silver,  tin,  and  iron.  On  this  subjedl  he 
expresses  himself  as  follows  i 

"  The  transparent  crystals  of  silver,  which 
appeared,  either  on  that  metal,  or  on  any  of  those 
cited  above,  were  occasionally  irregular,  and  as- 
sumed, ^t  other  times,  the  most  decided  shape. 
They  represented  long  flattened  prisms,  having 
hexagonal  extremities  with  small  surfaces,  which 
powerfully  refra6led  the  light.  They  were  in-r 
sipid  to  the  taste,  and  were  not  soluble  in  boiling 
water.  When  exposed  to  a  strong  heat,  they 
shot  out  in  efQorescences,  and,  having  entirely 
lost  their  primitive  configuration^  resembled  small 

fiakes 


ibk«?3  of 'snow.  The  air,  more  especially  whert 
dry  and'  warm,  deprived  them  in  the  same  way 
of  their  water  of  crystallization.  They  were  dis- 
solved by  the  nitric  acid,  with  a  very  strong  ef- 
fervescence, which  was  likewise  produced  whert 
the  acid  was  poured  on  the  salt  in  an  efflorescent 
state.  The  nitric  solution  was  very  limpid,  and 
was  decomposed  by  the  alkalies,  affording  a  pre-^ 
cipitate  soluble  in  all  the  acids,  in  the  muria- 
tic even.'* 

Our  author  did  not  examine  the  gas  which  is 
driven  from  the  ele^lrat  of  silver  by  the  different 
acids,  and  more  particularly  by  the  nitric  and 
muriatic.  He  had  reason  to  think,  however, 
that  it  is  not  the  carbonic  acid  gas,  as  may  have 
been  conjedhired,  having  satisfied  himself  that 
his  eledrat  is  likewise  formed  on  metals  immersed 
in  lime-water.  He  was  of  opinion  that  it  must 
be  a  particular  gas,  a  gas  sui  generis;  unless, 
Indeed,  it  should  be  found  to  be  the  eledlric 
acid  itself.  He  forbore,  however,  to  come  to  a 
decision  on  this  head,  in  the  expectation  that 
VoLTA,  who  was  at  that  time  employed  in  ex- 
amining the  gases  disengaged  from  different  bo- 
dies by  the  eledtric  acid,  wquld  likewise  ascertain 
the  nature  of  the  one  in  question. 

When,  in  these  experiments,  tin  was  employ- 
ed instead  of  silver,  our  naturalist  obtained  sa- 
line crystals,  similar  to  those  which  the  latter  of 

these 
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these  metals  had  supplied.:  they  formed  a  depo- 
sition on  the  other  metals ;  were  brilUant,  trans* 
parent,  soluble  in  the.acids,  in  which  they  efFer-» 
vesced,  and  were  precipitated  in  the  form  of  a 
whitish  powder.  The  crystals  he  obtained,  when 
he  employed  brass  and  steel,  were  regular  cubes: 
they  Were  transparent,  and  soluble  in  the  acids, 
m  which  they  effervesced.  The  nitric  solution 
afforded  a  blue  precipitate  with  the  prussiat  of 
lime.  This  result  rendered  it  doubtful  whether 
the  crystals  obtained  iix  these  experiments  were 
irpn  or  silver,  or  rather  a  mixture  of  the  two 
metals.  To  asoertain  this,  M.  Brugnatelm 
made  aiiotber  experinguent,  which  ie  followed  by 
several  observations. 

To  obtain  the  crystallized  elexSlrats,  it  is  ne- 
cessary that  the  metals  should  be  well  cleansed, 
and  that  they  should  not  have  been  employed  for 
any  length  of  time  in  eledtric  experiments.  It  is 
likewise  essential  that  the  ele6lric  current  should 
be  slow  and  progressive.  Volta  has  observed, 
that  41  powerful  apparatus  has  never  supplied 
them  with  any  degree  of  regularity.  Brugna- 
TELLi  likewise  noticed  that  their  formation  was 
more  speedy,  and  the  form  of  their  crystals 
"more  beautiful,  when  the  apparatus  was  exposed 
to  the  dire6l  rays  of  the  sun. 

Tiie  eledlric  acid  is  not  decomposed  in  oxy- 
dating  the  metals,  but  effects  their  oxydation  at 

the 
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.the  expence  of  the  water.  It  has  this  property 
in  common  with  the  other  acids,  which  do  not 
contain  the  basis  of  air  unless  in  the  oxygenous 
«tate,  which,  according  to  Brugnatelli,  is  in- 
capable  of  oxydating  or  acidulating  a  metallic 
Bubstance*,  this  process  not  being  brought 
«bout,  unless  by  the  thermoxigen.  The  acids, 
however,  which  contain  this  basis  in  a  more  or 
less  complete  state  of  thermoxigen,  such  as  the 
nitric  acid,  which,  agreeably  to  the  experiments 
of  Beugnatelli,  is  composed  of  the  oxyd  of 
OEOte,  of  thermogen,  and  of  oxydated  muriatic 
acid,  are  well  calculated  to  produce  this  efFe<3. 
Several  thermoxydations  being,  notwithstanding^ 
produced  without  the  disengagement  of  gas,  our 
naturalist  thinks  it  essential  to  point  out  that  he 
ascribes  them  to  another  cause,  which  has  not 
yet  been  ascertained. 

He  noticed,  on  several  occasions,  the  great 
affinity  of  the  eledlric  acid  with  thermoxigen. 
It  is  well  known  that  it  decomposes  the  metallic 
thermoxyds,  those  even  which  it  thermoxyge- 
nates.  Dr.  Pbiestley  has  observed,  that  the 
eledlric  spark  vitiates  the  air,  by  adling  on  that 
fluid  as  a  phlogisticating  substance.  This  de- 
pends on  the  combination  into  which  the  elec- 


*    Arsenicj  molybdcna,  cobalt,  &c.   unite  with   oxygen, 

after  bdog  tfaermoxygenated. 
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trie  matter  enters  with  the  basis  of  the  pure  jfti*^ 
.To  a  similar  combination  may  be  ascribed  the 
formation  of  the  nitric  acid,  during  the  passage 
of  the  spark  through  the  nitrous  gas.  The  ex* 
planation  which  naturalists  had  before  given  of 
this  phenomenon  was  extremely  unsatisfadlory. 

"  Although,"  observes  Brugnatelli,  "  the 
passage  of  metallic  ele<9:rats,  through  raetalg,  is 
still  difficult  to  conceive,  it  is  certain  that  the 
elecftric  acid  possesses  a  sufficient  energy  to  at* 
tenuate  these  substances,  and  to  break  them  into 
-almost  imperceptible  parts,  in  such  a  way  as  to 
transport  them  through  all  the  bodies  which  are 
permeable  to  itself,  without  the  nature  and  qua- 
lity of  the  metals  being  on  that  account  changed/' 
The  difference  of  savour  which  is  impressed  on  the 
tongue  by  two  different  metals,  appears  to  our 
naturalist  to  depend  on  this  singular  combina- 
tion of  the  eledlric  acid  with  the  pure  metal. 
The  metallic  taste  is  extremely  manifest  in  this 
experiment,  more  particularly  when  gold  and 
zinc,  silver  and  zinc,  zinc  and  copper,  and  vice 
versa,  are  employed  as  exciting  arcs. 

Of  all  the  metals,  gold  and  platina  alone  ap- 
peared to  Brugnatelli  not  to  be  sensibly  af- 
fected by  the  eleClric  acid.  In  the  course  of  his 
experiments,  made  with  the  Voltaic  apparatus  of 
a  range  of  cups,  he  frequently  observed  the  sil- 
ver detach  itself  from  a  condu6tor  of  that  metal, 

and 


md  fix  on  the  platina  and  gold,  which  were  thus' 
covered  by  a  silvery  surface.  He  likewise  ob- 
^rved  that  mercury  whitened  gold,  notwith- 
standing the  latter  was  immersed  in  water,  and 
at  the  distance  of  at  least  six  lines  from  the 
mercury.  In  other  experiments  of  a  similar 
kind,  in  which  conductors  of  gold  and  silver 
were  immersed  in  the  same  cups  with  zinc  and 
cdpper,  the  surfaces  of  thef  former  of  these  me- 
tals were  covered  by  the  particles  which  detached 
themselves  from  thd  latter. 

Having  terminated  our  extraA  of  the  memoir 
of  M.  Brugtjatelli,  we  proceed  to  the  interest- 
ing report  made  to  th^  French  National  Insti- 
tute by  Professor  Cuvier,  oh  galvanism,  and 
on  the  experiments  of  three  celefbrated  chemists^ 
FouRdROY,  VAuauELiN,  and  Thenard.  As  it 
would  be  impossible  to  give  an  analysis  of  this 
report  without  depriving  it  of  a  great  part  of  its 
merit,  we  give  it  at  full  length. 

**  Chance,  the  parent  of  almost  every  disco- 
very, has  within  these  few  years  afforded  its  aid 
to  naturalists  in  such  a  way,  as  to  render  the 
present  epoch  a  very  remarkable  one  in  the  his- 
tory of  the  sciences.  A  few  pieces  of  metals,  on 
being  brought  in  conta<9:,  have  displayed  pheno- 
mena which  no  human  sagacity  could  have  fore- 
seen, and  have  opelSed  to  us  a  field  as  capacious 
as  it  is  fertile  in  its  applications.     The  influence 

VOL.  II.  h  of 


/ 


146  GALV^^^IC  REI^KARCHES  OP  THE 

of  these  phenomena  is  now  become  more  exten* 
give  than  ever.  They  were,  in  the  first  instance,, 
apparently  confined  to  the  animal  economy,  but 
appear  at  thi^  time  to  have  an.  important  concern 
in  the  greater  part  of  the  operations  of  che- 
mistry. 

^^  We  ^re  more  particularly  indebted  to  the 
genius  of  Volt  A,  for  the  new  Hghts  which  have 
been  throwft  on  this  subjiecft.  His  opinion,  that 
galv^ii^  was  merely  an  application  of  ch^nustry 
to  the  animal  economy,  h^aying  bjee^n  contested 
byjseveral  Scientific  men,- he  soughfcthe  means  to 
ai|gmefrta<^-effe(9:a  in  sucha  way,  as  to  render 
theil^tr^)e  nature  evident  to  all.  the  worW.  He 
^PQrd^ngly  found  that,  by  multiplying  the  pieces 
of  two  cjlgerent  metals,  by  constantly  disposing 
them  alternately, .  and  by  keeping  them  moist, 
he  could  produce  attradions,  repulsions,  and 
shocks,  entirely  similar  to  those  of  the  Leyden 
phial.  He  found,. in  short,,  that-a  pile  of  discs, 
iilternate^y  formed  of  silver^  zinc,  and  moistened 
pieces  of  pasteboard,  instantly  manifests  all  the 
appearances  of  vitreous  ele6lricity  at  the  extre- 
mity at  which  tlie  silver  is  stationed,  and  of  resi- 
nous eledlricity  at  that  of  the  zinc.  There  is, 
however,  this  difference,  that  a  Leyden  phial, 
being  once  discharged,  ceases  to  have  any  efFe61, 
unlek&.itbe  again  eledlrified;  instead  of  which, 
the  \ioltaic  pile  eledrifies  ^itself,  insomuch  that 

its 
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Its  effe<fts  are  incessantly  Tenewed,  and  cannot  ht 
diminished  for  an  instant,  unless  it  be  discharged 
by  the  means  of  very  large  cdndu6lors.  In  addi-^ 
tion  to  this,  the  Leyden  phial  is  constantly  dis- 
charged by  the  presence  of  water :  it  is  saffi- 
cient  that  there  be  the  smallest  portion  of  humi- 
dity between  its  two  surfaces,  that  its  efFedts 
should  be  destroyed.  Bat  it  is  in  vain  that  the 
feater  with  which  the  pieces  of  paper  are  moist- 
ened flows  out  from  the  pile ;  its  efFedl  still  pre- 
serve their  intensity ;  and  do  not  cease  until  it  is 
entirely  plunged  into  an  aqueous  medium. 

**  These  differences  could  not  fail  to  inspire 
doubts  of  the  perfe6l  identity  of  galvanism  and 
elefiricity ;  to  augment  which  doubts,  other 
phenomena,  of  a  still  more  extraordinary  nature, 
have  intervened.  If  the  extremities  of  two  me- 
tallic wires,  which  communicate,  one  of  them 
•with  the  resinous,  or  negative  extremity  of  the 
•pJle,  and  the  other  with  the  vitreous,  or  positive 
extremity,  be  plunged  in  water  ;  and  if  they  be 
hcW  at  a  small  distance  from  each  other  ;  at  the 
extremity  of  the  former  of  these  wires,  bubbles 
ot  hydrogen  g6s  will  be  disengaged  ;  and  at  the 
extremity  of  the  other,  oxygen,  which  fixes  on 
Ihe  metal  when  the  latter  is  oxydable,  and  rises 
in  bubbles  when  it  is  not  so.  This  a<?cion  con- 
tinues, so  long  as  the  apparatus  remains  in  the 
state  which  has  been  described.     It  is  not  in  this 
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fsL&f  however,  that  the  greatest  singularity  of 
the  phenomena  consists  ;  and  it  is  here  that  gal- 
vanism begins  to  enter  on  the  domain  of  che- 
mistry. 

^*  It  would  have  been  quite  natural  to  consider 
this  gas  as  the  produ6l  of  the  decomposition  of 
matter,  if  a  particular  circumstance  had  not  like* 
wise  thrown  doubts  on  this  explanation.  It  is 
necessary,  to  the  end  that  the  disengagement 
may  take  place,  that  the  extremities  of  the  wires 
should  be  at  a  certain  distance  from  each  other ; 
since,  if  they  were  to  touch,  the  bubbles  would 
cease  to  be  distinguishable.  Why,  then,  do  the 
oxygen  and  hydrogen,  proceeding  from  the  same 
particle  of  water,  appear  at  two  distant  points ) 
And  why  does  each  of  them  appear  invariably  oa 
the  wire  which  belongs  to  one  of  the  two  extre- 
mities of  the  pile,  and  never  on  the  other  ? 

"  Such  was  the  state  of  our  galvanic  know- 
ledge, when  a  report  *  was  made  to  the  Insti- 
tute, of  the  proceedings  of  the  class  of  natural 
philosophy,  towards  the  close  of  the  year  1801. 
All  the  experiments  which  had  been  made  in  the 
different  countries  of  enlightened  Europe,  after 
they  had  been  classed,  and  subjected  to  a  rigid 
examination,   by   a  commission,   of  which   M. 


^  See  vol.  2«  of  this  work,  p.  363. 

Halls 
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Halle  was  the  reporter,  simply  led  to  the  three 
following  great  and  principal  results.  In  the 
first  place,  that  the  intensity  of  the  fluid  deno- 
minated galvanic,  is  augmented  in  proportion  to 
the  number  and  extent  of  the  metallic  surfaces 
brought  in  contadt.  Secondly,  that  its  adlion  is 
perpetually  renewed.  And  lastly,  that  gases  are 
produced  by  the  communication  of  the  two  ex- 
tremities of  the  pile  with  water. 

"  Since  that  time,  however,  naturalists  have 
displayed  an  uncommon  assiduity  in  the  efforts 
they  have  made.  Their  curiosity  has  been  par- 
ticularly attracted  by  the  last  of  the  above  phe- 
nomena. Some  of  them  have  fancied  they  per- 
ceived in  it  the  bases  of  a  new  chemistry ;  while 
others,  with  a  greater  share  of  prudence,  have 
either  suspended  their  opinion,  or  endeavoured  to 
reduce  the  fa<fts  to  known  theories.  Whatever 
their  system  may  have  been,  all  of  them  must, 
however,  have  set  out  by  a  similar  research,  to 
ascertain  whether  it  would  be  practicable  to  ob- 
tain the  two  gases  in  separate  waters.  If  these 
waters  are  absolutely  insulated,  the  gases  do  not 
appear.  If  they  are  made  to  communicate  by  a 
metallic  wire,  there  is  simply  a  produdiion  of 
double  gas ;  or,  in  other  words,  each  extremity 
of  the  intermediate  wire  a6ls  in  the  portion  of 
water  in  which  it  is  plunged,  as  if  the  wire  it- 
self proceeded  immediately  from  the  extremity  of 

l3  the 


150  GALVANIC  RESEARCHES  OF  THE 

the  pile  opposite  to  the  one  which  communieatcs 
with  that  portion ;  in  such  a  way  as  that  each 
portion  gives,  at  one  and  the  same  time,  the 
two  gases.  '  But  if,  between  the  two  waters, 
sulphuric  acid  be  interposed,  the  gases  are  pro- 
du^^y  each  of  them  on  its  own  side.  The  re- 
sult will  be  the  same,  if  the  waters  be  made  to 
communicate  with  each  other  by  the  means  of  an 
organized  animal  substance,  such  as  the  hand. 
Thus  is  the  production  of  each  of  the  gasesy  in 
.separate  waters,  completely  proved. 

*^  It  is  clear  that  there  are  but  three  possible 
TOpdes  of  explaining  these  fadls.  Either,  in  the 
iirst  place,  the  galvanic  adlion  tends  to  .abstra<9:, 
in  each  of  the  waters,  one  of  its  constituent 
parts,  leaving  in  it  an  excess  of  the  other  consti- 
tuent part ;  or,  secondly,  it  decomposes  the  wa- 
ter, and,  permitting  the  disengagement  of  one 
of  the  gases  at  the  extremity  of  one  of  the  wires, 
condudts  the  other,  in  an  invisible  manner,  to 
■the  extremity  of  the  other  wire,  to  allow  it  to 
disengage  itself  there  ;  or,  thirdly  and  lastly,  the 
Avater  is  not  decomposed  at  all,  but  produces,  by 
its  combination  with  a  principle  of  some  kind, 
.proceeding  from  the  positive  side  of  the  pile, 
•oxygen  gas,  and,  by  its  combination  with  a  prin- 
.ciple  issuing  from  the  negative  side  of  the  pile, 
-hydrogen  gas. 

^^  The  first  and  second  of  these  opinions  were 

advanced 
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advanced  in  the  class  of  natural  phSosophy  of 
the  National  Institute,  the  former  of  thetn,  ver- 
bally, by  M.  MoNGE,  and  the  latter,  in  a  detailed 
tnemoir,  by  M.  Foubcroy.  The  third  is  that  of 
M.  RiTTER,  professor  at  Jena,  and  of  several 
other  naturalists  who  have  embraced  his  doc- 
trine. It  appears,  however,  so  contradictory  to 
the  totality  of  all  the  other  chemical  phenomena, 
that  it  would  have  been  almost  impossible  to 
have  admitted  it,  provided  even  no  other  satis- 
fadlory  explanation  could  have  been  given  of  the 
experiment  in  question. 

"  The  memoir  of  M.  FouftCROY  contains  the 
results  of  a  considerable  number  of  experiments 
which  he  made  conjointly  with  M.  M.  Vauque- 
MN  and  Thenard.  It  combines  with  a  very  in- 
^nious  explanation  of  the  principal  fa6t,  a  mul- 
titude of  circumstances  which  had  not  been 
hitherto  known.  Our  naturalists  admit  the  ex- 
istence of  a  particular  fluid,  which  they  stile 
galvanic,  and  the  circulation  of  which  is  frotn  the 
positive  towards  the  negative  side  of  the  pile.  Ac- 
cording to  them,  this  fluid  decomposes  the  water 
in  its  passage  from  the  positive  side.  It  per^ 
inits  the  oxygen  to  escape  in  bubbles ;  but  com- 
bines with  the  hydrogen  to  fofm  a  liquid,  which 
Crosses  the  water,  or  the  sulphurib  acid,  or  the 
human  body,  to  reach  the  extremity  of  the  nega- 
tive wire.    There  it  is  that  the  galvanic  fluid  de- 

li  4  serts 
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serts  its.  hydrogen,  and  suffers  it  to  escape,  in  \U 
turn,  in  the  form  pf  gas,  while  it  penetrates,  itT 
self,  into  the  wire.  Thp  following  is  the  expe- 
riment by  which  our  naturalists  attempt  to  prove 
that  such  is  |.he  secret  progress  of  the  phenor 
jnenon. 

'^  If,  say  they,  an  oxyd  of  silver,  carefully 
washed,  be  placed  between  the  twQ  waters,  the 
negative  wire,  near  to  which  the  hydrogen  gas 
pught  tp  have  been  manifested,  does  not  afFor4 
any  effervescence ;  and  the  oxyd  is  reduced  in 
part  on  the  side  of  the  positive  wire.  This, 
they  add,  is  because  the  galvanic  iluid,  charged 
>vith  hyiJrogen,  loses  it  in  passing  through  the 
oxyd,  the  pxygen  of  which  receives  it  for  the 
purpose  of  re-corpppsing  the  water. 

^^  The  repprter,  M.  Cuvier,  now  proceeds  to 
pbserve,  that  the  memoir  to  which  he  has  thus 
adverted,  is  merely  the  prelude  of  a  more  consi- 
derable work  in  which  the  above  naturalists  pur-r 
pose  to  examine  galvanism  in  each  of  its  respec- 
tive points  of  view.  They  claim  the  merit  of 
the  discovery  of  one  of  the  most  important  fads 
which  belono;  to  that  science.  It  was  known 
that,  by  multiplying  the  discs  of  vi^hich  a  pile  is 
composed,  the  force  of  the  shocks  may  be  aug- 
mented, as  well  as  the  rapidity  of  the  decompo- 
sition of  water.  Our  naturalists  were  desirous 
tp  see  what  would  happen,  if  the  surface  of  each 

of 
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ef  the  discs  were  to  be  augmented.  They,  ia 
consequence,  formed  a  pile  with  plates  of  a  square 
foot.  The  shocks,  and  the  decomposition  of  the 
water,  remained  the  same  as  with  an  equal  num- 
ber  of  small  discs ;  but  the  combustion  of  me- 
tallic wires  was  instantaneously  effedled  in  a  most 
forcible  way  ;  insomuch,  that  when  they  were 
plunged  into  oxygen  gas,  they  became  ignited, 
and  burned  with  a  very  bright  flame:  at  the 
same  time  that  small  plates,  however  numerous, 
were  not  productive  of  any  such  efFe6l.  Thus  is 
the  combustion  governed  by  ^  law  relative  to 
the  surface  of  the  plates  ;  while  the  other  phe- 
nomena depend  on  their  number.'* 

From  the  united  efforts  and  researches  of  the 
above-mentioned  naturalists  it  results  : 

1st,  That  the  disengagement  of  the  hydrogen 
akt  the  extremity  of  one  of  the  wires,  may  be 
stopped  by  throwing  into  (he  intermediate  water 
an  oxyd  of  silver. 

2dly,  That  this  oxyd  is  reduced  to  the  mei 
tallic  state,  as  is  likewise  the  nitric  solution  of 
silver. 

3dly,  That  the  effe<fts  of  the  progress  of  thig 
fluid  appear  to  differ  from  those  of  elciSxicity  ; 
and  that,  supposing  the  latter  fluid  to  adt  in  the 
same  way,  it  is,  at  the -least,  singularly  modifie4 
by  the  continuity  and  rapidity  of  its  progress. 

4(hly,  T^at  large  plates,  however  considerable 

their 
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their  dimensions  may  be,  do  not  augment  either 
the  shocks,  or  the  painful  sensations  which  en- 
sue from  them  ;  but  that  they  augment,  in  a 
very  powerful  degree,  the  faculty  of  ignition, 
seeing  that,  at  the  very  instant  of  contacft,  they 
bring  about  the  deflagration  of  iron. 

5thly,  and  lastly,  That  the  movement  of  this 
fluid  gives  birth  to  a  multitude  of  phenomena, 
calculated  to  illustrate,  in  a  surprizing  manner, 
the  principal  fa6ls  of  chemistry,  in  the  study  of 
which  the  science  of  galvanism  cannot  fail  to  be 
eminently  useful. 

The  name  of  M.  Biot,  a  celebrated  naturalist, 
and  professor  of  mathematics  at  the  college  of 
France,  has  been  frequently  cited  in  this  work. 
In  a  memoir  on  the  movement  of  the  galvanic 
fluid,  lately  read  before  the  National  Institute, 
he  endeavours  to  demonstrate,  that  the  diversity 
of  the  laws  by  which  the  galvanic  fluid  isgo> 
verned,  in  the  different  apparatuses,  results  from 
the  form  given  to  them,  by  virtue  of  which  the 
celerity  of  that  fluid  is  either  diminished  or  aug- 
mented. The  experiments  which  had  been 
made  at  the  School  of  Medicine,  had  proved, 
in  the  first  place,  that  there  is  an  attradlion  be- 
tween the  two  extremities  of  the  galvanic  pile ; 
and,  secondly,  that,  at  each  extremity,  the  par- 
ticles of  the  fluid  mutually  repel  each  other. 

To  employ  his  own  words  :    ^^  These   fa<Ss 

serve 
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serve  as  a  foundation  to  the  inquiries  on  which 
1  now  enter.     It  is  known  that  points  readily 
drain  off  and  give  out  ele(5lricity.     This  pro- 
perty must  likewise  exist  in  all  fluids  the  par- 
ticles of  which  mutually  repel  each  other.     In 
proportion  as  the  points  are  blunted,  their  power 
is  diminished ;  and,  if  we  follow  this  analogy, 
we^hall  see  that  plane  surfaces,  which  are,  in  a 
manner,  the  elements  of  great  spheres,   inust 
abandon  with  difficulty,  at  their  superficies,  the 
fluid  with  which  they  are  charged.     In  propor- 
tion as  they  become  more  extensive,  this  diffi* 
culty  will  be  augmented.   This  property  of  plates 
is  discoverable  in  the  condenser  of  Volt  a.    The 
round  metallic  plate  of  this  instrument  retains 
the  eledlricity,  so  long  as  its  superficies  is  applied 
to  the  circular  piece  of  marble,  and  discharges 
it  when  it  merely  touches  the  latter  by  its  edge* 
.Thus,  when  a  pile  is  construdled,  and  its  two 
extremities  made  to  communicate,  the  motion  of 
the  fluid,    determined  by  this  mean,   must  be 
rapid  in  proportion  as  the  discs  are  smaller,  and 
mee  versa.   On  another  hand,  the  absolute  quan- 
tity of  the  fluid,  formed  in  any  given  time,  duxD*- 
nislies  with  the  surfaces  of  the  discs,  all  the  other 
circumstances  remainjpg  the  same.   If,  theirefore, 
two  piles  be  formed,  ^e  of  them  with  large 
plates,  and  the  other  with  small  ones^  they  will 
givcj  in  the  ^mi&  spade  of  tim^  theibrmer,.  m 

greater 
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greater  mass  of  the  fluid,  possessing  a  less  cele- 
rity of  motion,  and  the  latter,  a  smaller  mass, 
provided  with  a  greater  celerity.  Let  us  examine 
how  the  combination  of  these  two  elenients  i$ 
capable,  of  influencing  ourselves. 

"  The  shocks  depend  much  less  on  the  mass 
of  the  fluid,  than  on  its  celerity,  as  is  proved  by 
the  experiment  of  the  Leyden  phial.  Thus,  what 
is  gained  in  the  mass,  by  an  augmentation  of  the 
dimension  of  the  discs,  is  more  than  compen- 
sated by  the  corresponding  diminution  of  the 
celerity.  The  shocks  must  consequently  be  di- 
minished in  their  intensity,  in  proportion  as  the 
surfaces  of  the  discs  are  augmented.  Bat,  on 
another  hand,  they  (the  shocks)  cannot  be  in- 
definitely augmented,  in  proportion  as  the  above 
surfaces  are  diminished,  because  the  absolute 
quantity  of  the  fluid  is  diminished  in  conse- 
quence, and,  with  it,  the  intensity  of  the  shocks. 
A  pije  composed  of  small  plates  will  give  a  sharper 
and  more  intense  shock,  than  another  pile  com- 
posed of  larger  plates. 

^*  These  results,  which  a  simple  mode  of  rea- 
soning points  out,  are  likewise  confirmed  by  ex- 
periment and  observation.  The  eight  laVge 
plates  employed  by  M.  Fourcroy,  gave  a  weaker 
shock  than  an  equal  number  of  ordinary  discs, 
of  the  size  of  a  crown-piece.  An  apparatus 
composed  of  twelve  circular  discs  of  zinc,  aiid  of 

twelve 
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twdve  discs  of  copper,  having  each  a  diameter  of 
thirteen  inches,  scarcely,  if  at  all,  excites  a  tre- 
mulous sensation  in  the  moistened  hands.     It  is 
simply  produ6iive  of  an  almost  insensible  taste  in 
the  mouth ;  and  never  occasions  the  galvanic 
flash.   One  of  these  plates  is  more  than  equal,  in 
point  -of    surface,    to    eighty  common    discs. 
I^astly^  a  pile  composed  of  fifty  centimes  ^,  and 
of  Sfty  discs  of  zinc  of  the  same  size,  gives  a  very 
powerful  shock.    The  flashes  of  light  which  are 
produced  by  its  means,  are  very  brilliant,  and  are 
accompanied  by  a  strong  and  pungent  taste  ia 
the  mouth.    These  fifty  small  plates  are  not, 
however^   more  than  equal  in  surface  to  eight 
common  discs,  and,  in  their  aggregate,  form  only 
the  tenth  part  of  one  of  the  large  plates  of  which 
mention  is  made  above.    When  this  pile  is  dis- 
charged with  large  condu6):ors,  and  that  repeat- 
edly, in  the  space  of  several  seconds,  it  does  not, 
the  instant  after,  occasion  the  smallest  sensation, 
either  in  the   person  by  whom  the  preceding 
shocks  have  been  received,  or  in  another  indivi- 
dual by  whom  the  communication  is  suddenly 
established.    The  reason  of  this  is,  that  the  ab-r 
solute  quantity  of  the  fluid  is  very  small,  at  the 
9ame  time  that  its  celerity  is  very  considerable. 


*  These  small  republican  coitis  of  copper  hare  a  diaxnetei 
af  joeail/  seven  lines  English. 

"  The 
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^*  The  small  apparatus  I  have  just  described, 
has  likewise  furnished  me  with  several  facfts,  of 
which  I  shall  speak  hereafter.  I  return  to  ther 
modifications  which  are  produced  in  the  pheno- 
mena of  galvanism,  by  the  different  proportions 
of  the  mass  and  of  the  celerity  of  the  fluid.  Ttlie 
sensation  of  taste,  and  that  of  the  galvanic  flash, 
being  obedient  to  the  same  law  as  the  shocks, 
the  conclusion  which  is  to  be  drawn  is,  that 
they  principally  depend  on  the  celerity  of  thd 
fluid.  It  IS  not  the  same  with  the  aparksr,  and 
with  th.e  combustion  of  metals :  these  pheno-^ 
mena,  in  the  produ6lion  of  which  the  fluid  a&i 
by  its  mass,  and  by  the  continuity  of  its  presence, 
cannot  fail  to  be  singularly  favoured  by  the  great 
plates,  if  it  be  granted  that  they  not  only  aug- 
ment the  mass  of  the  fluid,  but  also  slackens  its 
movement  in  the  pile.  This  fa6l  experience  has 
confirmed  :  the  great  apparatus  not  only  brings 
abput  the  combustion  of  iron  wires  in  oxygen 
gas,  but  burns  them  in  tlie  open  air  with  an  un- 
ceasing energy. 

*^  The  small  apparatus,  composed  of  centimes, 
affords  a  small  spark,  which  is  lively  and  brilliant, 
but  which  does  not  produce  any  efFe6l  of  a  simi- 
lar kind.  Tlie  attradtioDS  depend  likewise  on  the 
mass  of  the  fluid,  and  are  accordingly  much 
more  sensible  with  the  large  plates.  In  the  great 
apparatus,  if  the  two  metallic  wires  by  which  the 

commu- 
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communication  is  established,  be  made  to  touch 
jeach  other,  they  adhere  together  strongly,  in 
spite  even  of  their  own  elastic  force.  So  great 
is  their  adhesion,  that  they  may  be  moved  to 
and  fro',  and  made  to  support  several  small 
weights,  without  being  detached.  This  experi- 
ment succeeds  better  when  wires  are  made  ta 
touch  each  other  at  their  sharp  points,  than  in 
any  other  manner.  It  may  be  tried  with  metal- 
lic substances  of  every  description,  provided 
they  be  not  oxydated.  By  this  adhesion  the 
communication  between  the  two  extremities  of 
the  pile  is  established ;  and  so  long  as  it  subsists, 
no  other  galvanic  phenomenon  takes  place.  Two 
other  wires  cannot  be  made  to  adhere  at  the 
same  time ;  and  when  the  connexion  between 
the  former  wires,  provided  they  are  tolerably 
large,  is  destroyed,  the  apparatus  remains  for 
some  time,  before  it  recovers  this  property,  i 
Tbtse  wires  may  remain  in  a  state  of  adhesion  • 
for  several  hours ;  probably  during  the  whole  of 
the  time  of  the  a6lion  of  the  pile.  Two  metallic 
lamina,  or  thin  plates,  may  likewise  be  made  ta 
adhete  to  each  other,  when  brought  together  at 
dieir  aiiglies.  The  metals  employed  by  me  being 
classed  according  to  th|Qgder  of  their  facilities^ 
to  produce  these  eSmtf/fktie  as  follows :  iroUji 
tin,  popjiep,  and  silver.  This  order  is  the  iiiverse 
i)f  that  of  Dheii^  o^V^n&Mg  o^tilitm^  ,  . .  .  .    „$ 

"  The 
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^^  The  fa6ts  which  I  have  stated,  appear  to  me 
to  demonstrate  the  power  of  points  to  emit  the 
galvanic  fluid,  and  that  of  plateiff  to  retain  it^ 
The  result  to  which  they  lead,  tends  still  fiirther 
to  confirm  these  considerations ;  seeing  that  the 
adhesion  of  the  communicating  wires;  when  they 
are  brought  laterally  towards  each  other,  must 
be  efFe6led  with  a  facility  proportionate  to  the 
greater  degree  of  difficulty  which  the  fluid  meet& 
with  in  escaping  by  their  points.  I  had  an  op- 
portunity to  remark  that,  in  the  piles  composed 
of  the  small  plates,  the  oxydation  was  carried  ow 
with  a  greater  rapidity  than  when  the  common 
sized  discs  were  employed  in  their  construdiion- 
This  led  me  to  think  that  the  celerity  of  the  fluid 
might  influence  the  oxydation.  To  satisfy  my- 
self on  this  head,  I  made  the  following  experi- 
ment. 

"  Beneath  a  cylindrical  bell-glass,  and  resting 
on  a  supporter  fixed  to  a  pneumato-chemical  ap- 
paratus, I  placed  a  pile  composed  of  thiry-nine 
discs  of  zinc,  and  of  as  many  discs  of  copper, 
each  of  them  of  the  size  of  a  crown  piece.  I 
did  not  establish  any  communication  between  the 
two  extremities ;  and,  having  observed  the  time 
which  the  water  required  to  ascend  into  the  ap- 
paratus, found  that  it  roee  eight  lines  in  the  space 
of  five  hours  and  a  quarter,  I  now  took  the 
game  discs,  and,  after  having  cleansed  them,  I 

placed 
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placed  between  them  the  pieces  of  cloth  which 
had  been  before  employed,  but  moistened  with  a 
fresh  solution.  Having  construdled  the  pile  in 
the  same  way  as  on  the  former  occasion,  I  sub- 
jedled  it  to  the  same  circumstances,  but  esta- 
blished a  'communication  between  its  two  ex- 
tremities. The  water  now  rose  to  the  Same 
height  of  eight  lines  in  the  space  of  an  hour  and 
a  half.  On  persevering  in  this  experiment,  the 
elevation  of  the  water  was  constantly  much  more 
considerable  when  the  communication  was  made^ 
than  in  the  other  case ;  and  the  oxydations  were 
obedient  to  the  same  law. 

**  i  repeated  this  experiment  with  two  piles^ 
each  of  therri  composed  of  twenty-two  small 
discs  of^zinc^  and  twenty- two  centimes.  Having 
placed  these  piles^  at  one  and  the  same  time,  be- 
neath two  similar  bell  glasses,  and  over  the  same 
pneumatic  apparatus,  I  obtained  results  similar 
to  those  "Which  attended  the  preceding  experi- 
ment. The  pile  iti  which  the  current  of  the 
galvanic  fluid  was  established,  raised  the  water^ 
in  seven  hours  and  a  quarter,  to  the  height  to 
tvhich  it  was  raised  by  the  other  pile  in  eleven 
hours;  and  the  rest  of  the  experiment  made  a 
proportionate  progress*.  At  the  termination  of 
thirteen  hours  the  watflnwiie,  in  the  former  of 
these  piles,  to  the  height  of  seventeen  tines  and 
%  half;  arid  in  tli(&  other,  to  the  height  of  six 

VOL.  II.  M  lines 


l62  GALVANIC   RESEARCHES   OP  THE 

lines  only.  Lastly,  when. the  absorption  ceasetl, 
it  was  at  the  height  of  twenty-five  lines  and  a 
half  in  the  former;  while  in  the  latter  it  had 
risen  fourteen  lines  only. 

^^  On  taking  in  pieces  the  two  pilesy  and  com- 
paring^  one  after  the  other,  the  plates  of  which 
they  were  composed,  I  observed  an  infinitely 
greater  oxy^fttion  in  the  one^  in  the  case  of  which 
the  communication  had  been  established.  It 
follows  from  hence*  that  the  circulation  of  the 
fluid)  in  the  apparatus,  augments  the  bxydation 
of  the  metallic  discs,  as  well  as  the  absorption 
of  the  oxygen.  On  another  hand,  the  increase 
of  the  oxydation  appears  to  augment  the  absolute 
quantity  of  the  fluid  which  is  formed.  Conse- 
quently, the  oxydation  of  the  discs,  in  the  gal- 
vanic apparatus^  is  at  once  the  cause  and  the 
efFea. 

^^  I  shall  here  notice  a  fa6l  which  had  been 
before .  observed  by  my  colleague  Cuvier  and 
myself,  in  our  experiments  on  the  absorption  of 
oxygen  by  the  galvanic  pile.  When  it  is  con- 
stru6led  in  the  following  manner — zmc,  ivater, 
and  copper^  and  is  placed  beneath  a  bell-glass,  to 
prevent  the  renewal  of  the  atmospherical  air,  it 
re-a6ls  on  itself,  in  such  a  way  as  that  the  zinc 
is  constantly  perceivedpib  seize  on  the  copper, 
the  copper  on  the  zinc,  and  thus,  consecutively, 
from  the  lower  to  the  upper  pKrt  of  the  column. 

When 
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When  a  contrary  disposition  is  made  in  the  con- 
fitrudlion  of  the  pile,  an  inverse  a<5tion  takes 
place.  To  be  enabled  to  seize  on  the  copper, 
the  zinc  is  obliged  to  permeate  the  bit  of  moist- 
ened cloth  by  which  the  two  metallic  substances 
are  separated.  In  the  piles  in  which  thfe  com-i 
munication  is  not  established,  this  permeation 
does  not  take  place.  The  surface  of  the  cop- 
per is  smooth,  and  that  of  the  zinc,  opposite  to 
it,  covered  by  small  black  filaments,  which  follow 
the  diredtion  of  the  threads  of  the  cloth.  When 
the  communication  has  been  established  for  some 
timci  several  particles  of  the  oxyd  begin .  to  pass  ^ 
off,  and  proceed  towards  the  copper.  Lastly, 
when  the  adlion  is  powerful,  the  surface  of  the 
latter  metal  becomes  at  length  entirely  covered 
over.  The  adiion  now  ceases;  and  this  trans* 
mission,  by  renewing  the  surface  of  the  zinc, 
contributes  to  give  a  longer  duration  to  the 
effedls  of  the  appai'^tus.  It  occasionally  hap- 
pens that  the  oxyd  of  zinc,  after  having  per-« 
.meated  the  bit  of  clot|b^  recovers  on  the  copper 
its  n^etallic  state.  ; 

*^  When  the  copp^  seizes  on  the  irinc,-  the 
metallic  surfaces  are  in  a  direct  and  immediate 
contact.  In  this  c^|^  orovided  the  copper  ad« 
heres  to  the  zinc,  iflppkxves  its  metallic  briU 
liancy,  and  is  sometimes  converted  into  brass.  I 
have  never  belilr  able  to  notice  these  revivifica- 

M  2  tions^ 
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tions,  unless  when  the  communication  is  esta- 
blished between  the  extremities  of  the  pile.  To 
the  end  that  they  may  be  produced,  it  is  neces- 
sary that  the  round  pieces  of  cloth  should  nei- 
ther be  too  thick,  nor  of  too  close  a  texture. 
These  results  demonstrate  that  when  the  pile  \i 
constru6^ed  in  the  following  manner ;  zinc, 
water,  copper ;  zinc,  ivater,  copper,  &c.  the  cur- 
rent of  the  fluid  takes  a  direction  from  the  infe- 
rior to  the  superior  part  of  the  pile  ;  but  that 
the  contrary  happens,  when  the  disposition  is 
fnade  as  follows :  copper,  water ^  zinc ;  copper, 
water,  zmc,.&c.  This  perfectly  agrees  with  the 
experiments  made  by  Volta. 

*^  After  having  considered  the  movement  of 
the  fluid  in  the  'interior  of  the  apparatus,  I  en- 
deavoured to  ascertain  how  this  movement  is 
modified,  when  water  is  employed  as  a  conduc- 
tor. In  the  experiment  I  made  on  this  occa- 
sion, the  apparatus,  which  remained  fixed  during 
twenty-four  hours,  constantly  presented  the  same 
phenomena.  There  were  not  any  bubbles  disen^- 
gaged  from  either  of  the  plates ;  neither  was 
there  any  adhesion  of  similar  bubbles  to  their 
surfaces.  They  did  not  at  the  same  time  afford 
the  smallest  trace  of  oxydation.  The  pile,  which 
still  continued  to  give  shocks,  having  been  taken 
in  pieces,  presented  appearances  similar  to  those 
it  assumes  when  the  communication  is  not  esta- 
blished 
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blished  between  the  poles.  The  plates  of  zine 
were  covered  by  black  filaments,  which  had  not 
\>een  able  to  permeate  the  pieces  of  cloth,  to 
^eize  on  the  copper.  The  quality  of  the  cloth 
was,  however,  perfedlly  well  adapted  to  the  trans- 
mission. It  had  been  employed  on  several  pre- 
ceding occasions ;  and  the  round  portions  had 
been  carefully  washed  and  dried,  before  they  had 
been  impregnated  with  a  new  solution. 

^'  Water,  when  placed  between  the  conduc- 
tors, presents  therefore  a  resistance  to  the  move- 
ment of  the  galvanic  fluid,  Provided  this  re- 
sistance be  too  powerful  to  be  overcome  by  tJie 
fluid,  the  efFe6l  is  not  transmitted  ;  and  there  is 
not  in  reality  any  communication  between  the 
two  extremities  of  the  pile. 

^^  In  repeating  this  experiment,  I  allowed  a 
<Iistance  of  twenty -one  inches  only  between  the 
plates,  and  impregnated  the  round  portions  of 
cloth  with  a  strong  solution  of  muriate  of  soda. 
The  shocks,  which  were  very  powerful,  and  the 
distinA  flashes  of  light,  ceased  as  soon  as  thci 
communication  was  established  through  the 
tubes,  even  when  the  most  sensible  organs  were 
made  to  constitute  a  part  of  the  chain.  But 
when  the  water  cofflJajned  in  the  vessels  was 
raised  up  by  sudlionTfro  a  glass  tube,  and  the 
lextremity  of  t^e  tongue  kept  fgr  some  time  on 

m3  th(? 
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the  small  column  of  fluid  withinside,  the  galvanic 
taste  became  very  perceptible.  This  taste  be- 
came still  more  pungent  with  a  shorter  tube} 
but  did  not  give  rise  either  to  the  flash  of  light, 
or  to  the  slightest  tremulous  eensation.  These 
results  prove  that  "water  is  intrinsically  but  ati 
imperfect  eondu<5tor  of  the  galvanic  fluid. 

"  What  I  have  just  observed  must  not  be 
considered  as  establishing  a  difl^erence  between 
eleflricity  and  galvanism  :  it  leads,  on  the  other 
hand,  to  the  deduiftion  of  a  new  analogy  between 
them.  It  is  true,  as  I  have  myself  been  enabled 
to  ascertain,  that  under  the  circumstances  which 
attended  the  process  I  employed,  it  would  have 
been  possible  to  transmit  through  the  water  the 
shock  produced  by  the  Leyden  phial,  notwith- 
standing it  might  have  lost,  in  its  passage,  a  part 
of  its  intensity.     But  it  ought  likewise  to  be  ob- 

■vcd,  that  the  inevitable  thickness  of  the  fflas 
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*^  It  is  essential  to  observe  that,  in  the  above 
cited  experiments,  the  galvanic  fluid  could  not 
have  been  transmitted  otherwise  than  through 
the  mass  of  the  water.  This  would  not  have 
been  the  case,  if  the  communication  had  been 
established  by  the  means  of  an  open  vessel.  The 
fluid,  which  would  then  have  been  at  liberty  to 
glide  over  the  surface  of  the  water,  would  have 
been  transmitted  to  a  much  more  considerable 
distance.  A  proof  of  this  was  afibrded  to  me  in 
a  very  simple  manner,  in  an  experiment  in  which 
I  had  established  the  communication  in  a  vat 
more  than  three  feet  in  breadth,  into  which  I 
had  plunged,  at  a  distance  of  two  feet  from  each 
other,  the  extremities  of  two  metallic  condudlors, 
terminated  by  discs  having  a  diameter  of  six 
inches.  When  one  of  these  thin  plates  was 
held  in  one  of  the  hands,  and  the  water  in  the 
vat  touched  with  the  other  hand,  or  with  the 
tongue,  the  shock,  the  galvanic  savour,  and  the 
flash  of  lighty  were  instantly  felt  and  perceived. 
But  when  the  fluid  was  raised  by  sudlion  into  a 
glass  tube,  the  efFedls  ceased  as  soon  as  the  co-* 
lumn  of  water  touched  the  tongue.  It  is  pro- 
bable that,  had  the  contadl  been  continued  for 
some  time,  the  galvanic  taste  might  Anally  have 
been  perceived  ;  but  tf&Wl  did  not  endeavour  to 
ascertain  on  the  present  occasion. 

f^  On  repeating  the  above  experiment^  I  found 

M  4  that 
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that  the  efFedls  of  a  very  powerful  pile,  which 
were  manifested  on  the  surface  of  pure  water,  at 
the  distance  of  nearly  two  feet,  without  having, 
ia  this  transit,  sustained  any  loss  of  energy,  were 
reduced  to  a  simple  savour,  when  they  were  trans- 
mitted through  a  small  column  of  water,  of  the 
height  of  eight  or  ten  lines,  raised  by  a  suction 
as  near  as  possible  to  the  condudlor,  which  wa^ 
plunged  in  the  vat.  When  a  large  humid  sur- 
face is  thus  presented  tp  the  movement  of  .the 
galvanic  fluid,  it  flows  off  in  a  greater  quantity, 
and  its  celerity  is  augmented ;  siqce,  by  this  dis-» 
position,  the  oxydations  of  the  discs,  of  which 
the  pile  is  composed,  become  much  greater, 
The  property  of  gliding  with  facility  over 
the  free  surface  of  water,  presents  a  new 
analogy  between  the  galvanic  fluid  and  elecr 
tricity. 

"  In  this  way  may  be  explained  the  difficulty 
which  the  above  fluid  encounters  in  its  trans- 
mission over  metallic  conductors ;  a  difficulty 
which  seems  to  disappear,  when  its  progress  is 
excited,  by  guiding  it,  in  a  manner,  with  the 
moistened  fingers.  It  then  glides  with  a  great 
rapidity  over  the  humid  surface  which  the  fin- 
gers have  left  on  the  condu6lors  ;  while,  other- 
wise, it  might  have  been  stopped,  or  at  the  least 
retarded,  by  a  multitude  of  obstacles,  such  as  the 
passage  from  one  of  the  conduclors  to  the  other 

by 
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by  round  surfaces ;  the  oxydation  g{  8ever4 
points  on  its  route,  &c«  Obstacles  of  this  na-r 
Cure  would  not,  however,  have  resisted  a  mor^ 
considerable  quantity  of  the  fluid,  and  would 
have  yielded,  for  instance,  to  the  common  quan^ 
titles  of  eledlricity,  which  we  know  hpw  to  ex- 
cite. 

'^  This  fadl,  which  might  have  been  conisi^ 
dered  as  establishing  a  very  important  difierence 
between  galvanism  and  electricity,  being  referred 
)to  the  above  cause,  belongs,  on  the  other  hand, 
to  one  of  the  analogies  betwten  the  two  fluids. 
The  property  which  is  possessed  by  the  galvanic 
iSuid^  of  gliding  with  rapidity  over  the  free  sur- 
face of  water,  likewise  explains  the  augmented 
^dlion  of  the  moistened  conductors^  when  they 
are  forcibly  grasped,  to  establish  their  contadi: 
^ith  a  greater  number  of  points.  The  fluid, 
being  now  at  liberty  to  spread  itself  over  the 
bumid  surface  presented  to  it  by  the  condu6lor^, 
ik>ws  in  a  considerable  quantity,  and  with  great 
celerity.  This  disposition  must  therefore  aug- 
ment the  effe(5l  of  its  aClion  on  us ;  and  the 
more  so  in  proportion  as  the  surface  of  the  con* 
duClors  is  extensive. 

"  Lastly,  it  is  owing  to  the  same  catase  that 
the  galvanic  fluid  is  transmitted  more  efFedually, 
and  to  a  greater  distance,  on  the  parts  of  the 
body^  when  t)iey  are  moistened^  than  wheu  dry. 

Several 
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Several  other  apparent  irregularities,  which  the 
galvanic  apparatus  occasionally  presents,  may 
likewise  be  referred  to  the  properties  above 
pointed  out." 

In  this  memoir  an  attempt  is  made  to  prove, 
•  1st,  That  the  laws  of  the  movement  of  the 
galvanic  fluid  result  from  the  repulsive  property 
of  the  particles  of  which  it  is  composed ;  and 
that,  in  this  point  of  view,  these  laws  are  simi- 
lar to  those  of  eleflricity. 

2dly,  That  the  principal  cause  of  the  varia- 
tions in  the  phenomena  produced  by  the  dif- 
ferent apparatuses,  consists  in  the  diverse  propor- 
tions in  which  the  quantity,  or  mass  of  the 
fluid,  is  combined  with  its  celerity. 

3dly,  That  this  fluid,  which  finds  great  diffi- 
culty in  its  passage  through  water,  glides  over 
the  surface  of  that  fluid  with  a  great  facility. 

4thly,  and  lastly.  That  tho  chemical  effects 
which  galvanism  produces,  cannot  be  considered 
as  essentially  distindl  from  cledricity  ;  on  this 
account,  that  the  galvanic  fluid  is  never  elicited 
in  the  apparatuses  employed  for  that  purpose,  un« 
less  with  a  great  celerity,  and  a  small  mass  ; 
while  elcdlricity,  when  it  is  put  in  motion  by  the 
means  of  batteries,  has  at  the  same  time  a  great 
mass,  and  a  great  celerity.  Now  if,  in  galva- 
nism itself,  the  different  proportions  of  the  cele-r 
rity  to  the  mass,  give  rise  to  such  marked  dift- 

ferencesjj 
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ferences,  how  much  greater  myst  these  dif-» 
ferences  be,  between  the  eledlricity  produced  by 
machines,  and  the  successive  impulsions  of  a 
very  weak  eledricity  a6ling  with  a  very  great 
celerity  ? 

The  above  memoir,  in  bringing  forward  seve* 
ral  faAs  by  which  galvanism  and  ele<ftricity  are 
approximated,  in  as  great  a  degree  as  their  dissi- 
milarity had  before  appeared  to  be  established  by 
other  fa6ls  and  conclusions,  furnishes  an  addi- 
tional evidence  of  the  uncertainties  and  doubts 
which  attend  the  sciences,  so  long  as  their  pro- 
gress is  not  secured  by  indubitable  experiments 
and  explanations.  The  stability  of  these  expe- 
riments, however,  is,  as  well  as  the  perspicuity 
and  evidence  of  the  explanations,  rather  the  re- 
sult of  time  than  of  reason.  The  latter  often- 
times misleads  in  the  theories  it  contrives.  It  is 
essential,  that  ideas  which  had  not  before  pre- 
sented themselves,  and  new  fadls,  which  are  fre- 
quently the  result  of  chance,  should  again  lead 
the  naturalist  into  the  track  he  has  abandoned, 
and  shew  him  how  far  he  has  deviated  from  the 
truth  he  sought,  while  he  has  flattered  himself 
that  it  was  within  his  grasp. 

An  allusion  having  been  made  by  M.  Biot  to 
the  experiments  instituted  by  him,  in  concert 
with  M.  CuviER,  on  the  absorption  of  oxygen 
by  the  galvanic  pile,  we  insert  here  an  analysis 

of 
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of  these  experiments,  which  furnish  new  >nd  im- 
portant information  on  the  properties  of  the  ap- 
paratus in  question :  they  chiefly  refer  to  the 
mutual  adion  of  tlie  pile  and  of  the  circumam- 
bient air. 

To  ascertain  the  adion  of  the  apparatus  on 
the  attnospherical  air.  our  naturalists  construt^ed 
a  pile,  consisting  of  discs  of  zinc,  copper,  and 
pieces  of  cloth,  moistened  with  a  strong  solution 
d£  sulphate  of  aiumine.  This  pile  was  placed  he- 
neath  a  bell-glaGS,  of  a  known  capacity,  and 
beneath  a  pneumato-chemical  apparatus.  The 
GomiBunication  between  the  two  extremities  of 
ihe  pile  was  established  withoutside  the  pneu- 
matic apparatus,  by  iron  wires  introijuced  into 
^lass  tubes,  bent,  and  tilled  with  water.  At 
the  expiration  of  forty-eight  hours,  the  water 
had  risen  about  five  degrees  in  the  bell-glass, 
jmd  the  gas  which  remained  in  it,  discovered  all 
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capacity,  the '  communication  was  established 
withoutside  the  apparatus,  by  the  means  of  iron 
wires  inserted  in  glass  tubes  filled  with  mercury. 
The  water  in  the  large  bell-glass  was  afterwards 
raised,  by  sudlion,  to  a  determinate  height.  The 
pile  remained  in  a<Slion  for  the  space  of  seventeen 
hours.  It  was  ascertained  by  the  absorption, 
that  the  air  left  beneath  the  bell-glass  had  now 
lost  its  oxygen ;  and  the  pile  had  also  lost  the 
whole  of  its  adlion.  ■  Pure  oxygen  having  been 
introduced  within  the  glass,  in  such  a  way  as  en- 
tirely to  replace  the  water  it  contained,  the  ac- 
tion of  the  pile  was  instantaneously  re-establish-* 
cd,  and  became  almost  as  powerful  as  at  the 
commencement  of  the  experiment.  It  was  still 
allowed  to  a6l  for  some  time  ;  and  the  absorption 
again  went  on  as  before. 

It  was  demonstrated  by  this  experiment,  that 
oxygen,  under  particular  circumstances  at  least, 
tends  to  augment  the  efFedls  of  the  pile.  It  was 
still,  however,  to  be  ascertained,  whether  thfs 
oxygen  is  absolutely  necessary  to  the  pile,  and  if 
it  constitutes  one  of  its  elementary  parts.  For 
this  purpose  a  pile  was  construdled,  and  a  ^mait 
apparatus,  calculated  for  the  disengagement  of 
bubbles,  fitted  to  it.  It  was  placed  beneath  th^ 
recipient  of  the  pneumatic  machine,  iniA  the  va-* 
cuum  made  with  the  utmost  precision.  The 
bubbles  continued  to  be  disengaged,  but  perhaps 

not 
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not  SO  forcibly  as  heretofore.  This  cxpcrimeni 
was  repeated  in  a  more  simple  manner,  by  piecing 
the  pile  alone  beneath  a  recipient,  which  hxid  on 
its  summit  a  metallic  rod.  This  rod,  on  the  one 
hand,  and  the  body  of  the  machine,  on  the 
other,  served  as  condu£lors;  and,  nothwith- 
standing  the  vacuum  was  made  with  every  possi- 
ble care,  a  powerful  shock,  was  felt,  at  the  same 
time  that  the  decomposition  of  the  water  took 
place.  These  phenomena  being  altogether  in 
opposition  to  what  had  been  advanced  by  other 
naturalists,  M.M.  Biot  and  Cuvieb,  without 
aiming  to  establish  a  rigorous  comparison  be- 
tween the  galvanic  and  electric  fluids,  bring  for- 
ward an  experiment  well  calculated  to  illustrate 
the  above  results.  "  It  is  well  known,"  say 
they,  "  that  a  Leyden  phial  discharges  itself  be- 
neath the  recipient  of  a  pneumatic  machine,  be- 
cause, the  pressure  of  the  external  air  being  de- 
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passage  of  the  fluid  manifest,  as  is  the  case  with 
the  streams  of  light  in  the  Leyden  phial ;  and 
this  passage  is  continued,  because  the  pile  re- 
charges  and  discharges  itself  at  every  instant," 
&c.  Finally,  our  naturalists  conclude  from  their 
experiments,  that  the  galvanic  pile  has  an  inhe- 
rent action,  independent  of  the  external  air, 
which  may,  notwithstanding,  augment  its  force 
under  certain  circumstances. 

M.  Gautherot,  a  French  naturalist  who  has 
been  very  assiduous  in  his  galvanic  researches, 
has  recently  made  several  experiments,  which  are 
not  devoid  of  interest.  Being  desirous  to  try  the 
effeA  of  the  Voltaic  pile  on  his  own  organs,  he 
obtained  a  very  singular  result,  which  had  not  at 
that  time  been  noticed.  When  he  applied  two 
moist  metallic  plates  to  his  cheeks,  temples, 
forehead,  and  even  to  his  chin,  he  felt,  inde- 
pendently of  the  shock,  the  sudden  passage  of 
a  flash  of  light,  and  a  very  peculiar  and  painful 
sensation  of  burning,  which  lasted  as  long  as  the 
application  of  the  plates  was  made  to  the  dif- 
ferent parts  of  the  face.  When  the  influence  was 
diredled  to  the  cheeks,  he  felt,  besides,  in  the  in- 
ner part  of  the  mouth,  the  savour  which  is  pecu- 
liar to  galvanism,  i^otwithstanding  the  contadU 
were  external,  and  in  a  manner  extraneous  to 
that  organ. 

Relatively  to  the  eledricity  which  results  from 

the 
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the  Voltaic  apparatus,  he  hazarded,  in  the  first 
instance,  the  following  explanation.  He  ob-^ 
served  that,  since  water,  when  decomposed, 
changes  its  state,  and,  from  being  liquid,  as- 
sumes a  gaseous  form,  this  change  cannot  be 
brought  about  without  a  change  in  its  ele^lrical 
disposition.  From  this,  and  from  no  other 
cause,  he  supposed  the  ele<ftricity  which  is  ma- 
nifested to  result.  Having  continued  his  re- 
seerches  on-  this  subjedl,  and  perceiving  that  the 
metallic  plates  belonging  to  the  apparatus  were 
strongly  oxydated,  when  it  had  been  for  a  consi- 
derable length  of  time  employed  in  the  experi- 
ments, he  was  desirous  to  notice,  more  particu' 
larly,  the  influence  of  the  two  metals,  silver  and 
rincj  in  the  decomposition  of  the  water.  For 
this  purpose  he  placed,  on  the  two  opposite  sides 
of  a  disc  of  zinc,  two  small  bands  of  pasteboard^ 
to  support  a  disc  of  silver  having  a  dimension  si- 


CONTINENTAL  PHILOSOPHERS.  177 

expiration  of  eight  minutes.  Here,  the  oxyd  of 
ainc,  although  of  a  specific  gravity  greater  than 
that  of  the  water,  abandons  the  ^inc,  which  is 
at  the  inferior  part,  to  adhere  to  the  silver,  on 
which  it  describes  the  circumference  of  a  drop 
of  water.  The  oxydation  is  carried  on  with  a 
promptitude  which  depends  on  the  nearness  of 
the  plates  to  each  other ;  and  vice  versa. 

On  the  subjedl  of  the  conducing  faculty  of 
water  in  glass  tubeSj  he  noticed  a  singular  fa<9:, 
rtamely,  that  the  water  contained  in  tubes  which 
havei  d  narrow  opening,  is  less  permeable  to  the 
galvanic  fluid  than  when  the  opening  is  more 
considerable. 

To  ascertain  the  substances,  the  condu6ling  fa- 
cJulty  of  which  produces  the  galvanic  savour,  the 
shocks,  the  sparks,  and  the  decomposition  of 
Water,  our  naturalist  contrived  a  stnall,  but  very 
simple  instrument,  by  which  he  was  enabled  to 
make  a  trial  of  various  substances,  in  each  of 
the  three  stales  of  solid,  fluid,  and  gaseous,  in 
which  Nature  has  supplied  them. 

By  the  means  of  this  instrument,  he  found 
that  a  stratum  of  air  of  an  extreme  tenuity,  not 
thicker  than  a  silken  thread,  as  it  is  spun  by 
the  worm,  is  not  in  any  degree  permeable  to 
the  eff^e6ls  of  S*^fcommon  galvanic  apparatus. 
That  flame  itself,  which  had  hitherto  been 
considered  as  a  good  condudtor  of  eledlricity, 
is  likewise  not  permeable  to  the  transmission 

VOL.  ir.  N  '  of 
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of  the  effedls  of  the  apparatus.  That  pa- 
per, dried  woods,  silk,  wool,  cotton,  thready 
ivory,  wax,  oil,  sulphur,  phosphorus,  the  oxyds 
of  copper  and  zinc,  the  diamond,  the  sapphire, 
the  ruby,  the  chrysolite,  the  agate,  and  the  human 
skio,  are  not  condudlors.  That  the  muriate  of 
toda,  and  that  of  ammonia,  notwithstanding  they 
augment,  in  a  very  considerable  degree,  the  con- 
du(9:ing  faculty  of  water,  are  not  condu6lors  in 
themselves.  And  that,  generally  speaking,  the 
substances  which  have  been  hitherto  found  to 
possess  a  conducting  quality,  are  very  few  in 
aumber« 

It  was  observed  by  M.  Gautherot,  that,  in 
the  decomposition  of  water,  charcoal  decomposes 
that  fluid  in  the  same  way  with  non-oxydable 
metals ;  or,  in  other  words,  that  when  two  pieces 
of  charcoal  are  employed  for  this  purpose,  one 
of  them  disengages  the  hydrogen  gas,  and  the 
other  the  oxygen.  He  had  occasion  to  notice 
this  peculiarity,  that  when  the  portions  of  char- 
coal touch  each  other  in  the  water,  its  decom- 
position is  not  stopped  on  that  account,  as  hap- 
pens when  metalHc  substances  are  brought  in 
contact  under  the  same  circumstances.  Indeed, 
if,  to  bring  them  more  immediately  together,  one 
of  the  pieces  of  charcoal  be  cut  in  a  furcated 
shape,  this  does  not  become  an  obstacle  to  -  the 
decomposition  of  the  water.  This  proves,  ac- 
cording to  his  mode  of  reasoning,  that  char- 
coal 
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coal  is  not  s6  powerful  a  condudlor  as  the  fluid 
on  which  it  ac^s. 

The  next  inquiry  made  by  our  naturalist,  wag 
whether  a  pile  could  be  corlstrudled  by  the  means 
of  charcoal,  and  pyrites,  or  sulphuret  of  iron,  or 
fcarburet  of  iron,  of,  lastly,  plumbago.  After* 
many  inefFe6lual  attempts,  he  contrived  an  ap- 
paratus of  forty  layers  of  charcoal  and  plumbago, 
which  afforded  a  strong  and  pungent  taste,  ac- 
companied by  the  galvanic  flash  of  light,  and,* 
finally^  produced  the  decomposition  of  water,  the 
charcoal  side  disengaging  the  hydrogen  gas,'  This 
latter  circumstance,  he  observes,  removed'  every 
doubt  of  the  influence  of  metals,  even  of  that 
of  the  iron  which  mTght  have  been  containi^d  in 
thef  plumbago  ;  since,  supposing  it  to  have  existed 
there,  the  hydrogen  g^s  would  have  been  disen- 
gaged on  the  side  of  the  plumbago,  in  the  same 
ftianner  as  it  is  disengaged  in  batteries  construdled 
with  charcoal  ^nd  iron; 

In  continuing  his  researches,  ndl  with  the  piley 
but  with  the  apparatus  composed  of  a  range  6f 
cups,  he  found  that,  by  the  introduction  of  the 
extremities  of  two  wires  of  silver,  or  platina,  into 
his  mouth,  at  the  same  time  that  the  other  ex-' 
tremilids  were  plunged  in  the  first  and  last  of  the 
Cups,  the  galvanic  savour  was  still  perceptible  after 
fhey  had  been  withdrawn  from  thence,  and  had 
been  brought  in  conta6l.  It  was  in  some  degree 
permanent  while  the  conta6l  was  continued  ^  and 

N  2  was 
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was  renewed  at  intervals,  when  they  were  brought 
together,  after  having  been  withdrawn  from  each 
ether. 

He  observed  that  the  galvanic  savour  was  still 
more  perceptible,  when  the  extremities  of  the 
two  wires  were  introduced  into  a  bottle  of  water 
impregnated  with  salt,  and  prevented  from  touch- 
ing the  fluid  by  the  means  of  a  cork.  In  this 
case,  by  plunging  the  two  other  extremities  intq 
the  apparatus  of  the  range  of  cups,  or  by  bring- 
ing them  in  conta6l  with  the  two  extremities  of 
a  common  pile,  more  especially  at  the  moment 
when  the  water  in  the  bottle  was  decomposed, 
the  savour  was  strongly  manifested  as  soon  as  the 
two  extremities  which  had  been  made  to  com- 
municate with  the  apparatus,  were  introduced 
into  the  mouth.  It  was  even  accompanied  at 
times  by  a  slight  shock  ;  and  its  a6Hvity  was  of 
a  much  longer  duration.  By  the  means  of  this 
new  apparatus  water  was  decomposed. 

This  experiment,  which  is  not  to  be  explainect 
by  the  theory  of  electricity,  appeared  to  our  na- 
turalist to  be  extremely  interesting.  As  it  is  sus- 
ceptible of  several  modifications,  he  is  of  opinion 
that  it  may  probably  be  the  source,  or  basis,  of 
several  others,  which  may  lead  to  the  discovery 
of  the  theory  of  this  new  branch  of  natural  phi- 
losophy. 

In  another  experiment  he  plunged  the  two 
extremities  of  a  single  platina  wire  into  the  first 

and 
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and  last  of  the  cups  in  the  above-mentioned  ap- 
paratus ;  and,  having  brought  the  two  ends  of  the 
wire  near  to  each  other,  without,  however,  al- 
lowing them  to  touch,  perceived,  as  soon  as  he 
had  introduced  them  into  his  mouth,  the  galvanic 
savour,  the  strength  of  which  he  found,  by  se- 
veral other  similar  experiments,  to  be  proper^ 
tionate  to  the  diameter  of  the  wire. 

It  is  not  essential  to  the  success  of  this  expe-- 
riment,  that  the  two  cups  at  the  extremities  of 
the  range  should  contain  water  impregnated  with 
salt ;  and,  indeed,  in  this  case  the  saline  solution 
might  occasion  some  doubt  relative  to  the  cause 
of  the  savour.  To  remove  every  uncertainty  on 
this  head,  and  to  give  a  greater  degree  of  sim^ 
plicity  to  the  experiment,  M.  Gautherot  filled 
with  distilled  water  two  cups,  between  which, 
and  the  extreme  cups  of  the  apparatus,  he  esta- 
blished a  communication  by  the  means  of  two 
platina  wires.  He  then  plunged  into  the  cups 
which  contained  the  distilled  water,  the  two  ex^ 
tremities  of  the  platina  wire  by  which  the  sa- 
vour was  intended  to  be  produced  ;  and,  having 
brought  them  into  conta6l  with  those  whicji 
answered  the  purpose  of  condu6lors,  waited  the 
disengagement  of  the  bubbles  arising  from  the 
decomposition  of  the  water.  By  this  mode  he 
^pbtained  thp  maximum  of  the  savour  which  is 

N  ^  furnished 
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furnished  by  experiments  of  this  description. 
He  could  not  bring  himself  to  agree  with  Volta, 
that  it  is  to  be  ascribed  to  an  efFedl  either  of  acid, 
or  of  alkali^  resulting  from  the  decomposition  of 
the  water  ;  since,  when  the  two  extremities  of 
the  wire,  after  having  been  taken  out  of  the 
cups,  were  plunged  into  pure  water,  it  was  still 
very  perceptible.  By  way  of  a  comparative  ex- 
periment,  he  plunged  the  two  extremities  of  a 
j)latina  wire,  one  of  them  into  the  nitric  acid, 
and  the  other  into  an  alkaline  solution,  and, 
.  having  afterwards  immersed  them  in  a*  glass  of 
water,  this  immersion  sufficed,  not  only  to  dis- 
engage  them  from  these  very  a6live  agents,  but 
likewise  to  prevent  the  produ<^ion  of  the  slightest 
savour  in  the  mouth.  This  experiment  merits, 
in  his  opinion,  a  very  serious  investigation. 

Several  naturalists,  he  observes,  are  of  opinion 
that  an  unknown  agent  is  combined  with  the 
eleftric  fluid,  in  the  produdlion  of  the  galvanic 
phenomena.  Their  persuasion  is  founded  on 
this  particular  circumstance,  that  several  of  the 
galvanic  phenomena  do  not  accord  with  the  ex- 
planation which  has  been  given  of  them  by  the 
known  laws  of  electricity.  The  experiments 
which  have  been  detailed  above,  seem  to  favour 
this  opinion.  It  is  certain,  at  the  least,  that  the 
decomposition  of  water,  by  the  apparatus  con- 
'  '  '  trived 
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trived  by  M.  Gautherot,  does  not  correspond 
with  what  has  been  hitherto  ascertained  relatively 
to  the  properties  of  the  eled^ric  fluid. 

We  have  thus  given  the  substance  of  several 
memoirs,  by  the  above  naturalist,  which  were 
read  before  the  National  Institute.  A  favourable 
report  was  made  on  them  by  M.  M.  Fourcroy 
and  Vauguelin  ;  and  from  this  report  we  ex- 
tradl  the  following  passages. 

"  In  the  first  of  the  memoirs  which  we  have 
examined,  and  which  contain  several  fadis  of 
gi'eat  importance  in  the  history  of  the  galvanic 
fluid,  the  author  gives  a  description  of  a  new  in- 
strument he  has  contrived,  to  measure  the  con- 
ducting faculties  of  different  natural,  solid,  liquid, 
and  even  gaseous  bodies.  In  this  memoir  the 
whole  of  the  theory  and  practice  of  the  different 
kinds  of  conduflors  is  detailed;  From  the  re- 
sult of  his  experiments  he  draws  several  conse- 
quences which  seem  to  disprove  the  identity  of 
the  elediric  and  galvanic  fluids. 

*^  The  objedl  of  the  second  memoir  compre- 
hends the  galvanic  properties  of  charcoal^  con- 
sidered more  particularly  as  a  conduCknr,  Oir 
author  shews  that  it  is  not  so  perfedl  a  conduc- 
tor as  metallic  substances. 

^*  The  third  memoir  is  very  curious,  and 
t^niqtte  in  its  kind,  insomuch  as  it  ascribes  to 
charcoal  a  property  which  it  was  not  known  to 

K  4  possess, 
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possess,  that  of  forming  with  zinc  a  galvanic 
apparatus,  composed  of  seventeen  layers,  which 
produces  slight  shocks,  the  decomposition  of 
water,  &c. 

^'  In  his  fourth  memoir,  M.  Gautherot  fol- 
lows up  his  researches  on  the  substances  which 
are  condu6lors  of  the  galvanic  fluid,  and  points 
out  those  which  ought  essentially  to  be  consi- 
dered as  such.  He  describes  the  composition  qf 
the  different  galvanic  columns,  and  the  mode  of 
their  constru6lion. 

^^  In  his  fifth,  and  last,  memoir,  he  details  his 
-attempts,  which  were,  in  the  first  instance,  inef- 
fedlual,  to  constru<5l  a  galvanic  apparatus  with- 
out metals ;  and  announces  that,  after  many 
researches,  he  succeeded  in  accomplishing  the 
aim  he  had  in  view.  Charcoal  and  plumbago 
are  the  elements  of  this  pile.  This  new  fact, 
which  exclusively  belongs  to  M.  Gautherot, 
cannot  fail  to  contribute  essentially  to  the  ascer- 
tainment of  the  properties  and  nature  of  the 
galvanic  fluid/' 

We  cxtraiSt  the  following  refle6lions  and  ob- 
servations on  galvar.ism  from  a  very  ingenious 
work  on  the  principles  of  physiology,  by  M.  Du- 
mas, a  celebrated  French  professor. 

After  having  demonstrated  the  existence  of 
the  eledlric  fluid,  contained  in  all  the  parts  of  the 
human  body,  more  particularly  in  the  nerves  and 

brain ; 
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"brain  ;  and  after  having  proved  that,  by  its  con- 
stant tendency  to  place  itself  in  equilibrio  with 
the  eledlricity  possessed  by  the  bodies  by  which 
it  is  surrounded,  it  is  itself  the  physical  cause  of 
all  the  ele6lric  phenomena,  to  which  man,  whe- 
ther in  a  healthy  state,  or  in  a  state  of  disease, 
can  be  subjedled :  after  having  observed,  with- 
out adopting,  however,  the  miraculous  relations 
of  cures  on  which  credulity  has  bestowed  too 
implicit  a  faith,  that  it  is  impossible  not  to  com- 
prehend this  powerful  means  of  nervous  excite- 
ment among  those  which  hold  out  great  and 
peculiar  advantages  in  the  treatment  of  paralytic 
and  convulsive  afFedtions ;  our  author  adds,  that 
the  new  class  of  phenomena,  disclosed  to  us  by 
the  experiments  of  Galvani,  Valli,  Fowler, 
Wells,  Berlinghieri,  Humboldt,  &c.  are  to 
be  derived  from  the  same  principle  of  excitement 
in  the  system. 

"  Has  it  not  been  seen,"  observes  M.  Dumas, 
*^  that  the  movements  produced  in  the  muscles, 
by  the  adlion  of  the  nerves  subjefted  to  the  in- 
fluence of.  metallic  substances,  follow  pretty 
nearly  the  laws  by  which  the  usual  effedts  of 
eledlricity  are  governed  ?  The  disagreeable  sen- 
sation impressed  on  the  tongue  by  the  contad 
of  two  different  metals,  had  been  long  known. 
Hunter  had  announced  that,  by  laying  a  metal- 
lic substance  on  the  upper  lip,  and  another  on 

the 
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the  tongue,  the  sensation  of  a  flash  of  light,  ex- 
tending over  every  part  of  the  face,  was  to  be 
produced.     These  (:ii5ts,  which  were  lost  sight  of 
by  naturalists,  ought  to  have  led  them  into  the. 
track  of  a  discovery,  tlie  physiological  utility  and 
infjportance   of  which    will    never,    perhaps,    be 
equal  to  all  the  noise  it  has  made  in  the  philoso- 
phical world.  I  speak  of  the  experimental  process- 
which  consists  in  the  excitement  of  the  action  of""" 
the  sensitive  and  motory  forces,  by  the  medium  of" 
metallic  substances.     In  the  explanation  of  this- 
process,  an  invisible  agent,  a  new  cause,  was  in 
the  first  instance  introduced,  notwithstanding  it 
appears  to  be  nothing  more  than  an  extra  n>ean 
of  experimenting,  superadded  to  so  many  others, 
on  a  class  of  phenomena  anciently  known." 

The  gi;neral  consequence  which  the  naturalists 
of  Italy,  Great  Britain,  Germany,  and  France, 
drew,  after  having  repeated  the  experiments  of 
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entirely  of  every  nervous  ramification.  It  is, 
notwithstanding,  certain,  that  the  coatings  of 
the  muscles  alone  have  been  sometimes  effica- 
cious in  the  produdtion  of  the  galvanic  efFedl ; 
and  this  would  be  an  incontestible  proof  of  an 
irritation  independent  of  the  nerves,  if  it  were 
not  likewise  certain,  that  this  irritation  is  capable 
of  penetrating  into  the  internal  tissue,  of  the  or- 
gans, in  which  the  nerves  are  concealed.  It 
would,  however,  be  too  rash  to  circumscribe  to 
the  nervous  and  sensible  fibres,  the  impression 
of  the  inetallic  stimulus,  seeing  that,  independ- 
ently of  several  rational  arguments  which  prove 
the  cpntrary  of  this  assertion,  the  experiments 
made  by  Dr.  Fowler  demonstrate  that  the 
aftion  of  galvanism  is  dire6led  at  least  as  much 
to  the  vascular,  as  to  the  nervous  system. 

On  the  subject  of  the  opinion  of  the  latter 
physiologist,  as  well  as  of  Humboldt,  that  gal- 
vanism and  eledlricity  have  not  an  exa6l  simili- 
tucje,  and  th?it,  consequently,  the  eifedls  of  the 
former  of  these  principles  are  ascribable  to  a 
new  property  inherent  in  metals,  before  un- 
known, M.  Dumas  asks  the  following  question  : 
^^  Where  would  it  be  possible  to  stop,  if  as 
many  conjedlures,  and  as  many  principles,  were 
to  be  allowed,  as  there  are  fa6ls  to  explain  ?  If  it 
be  true,"  he  adds,  "  as  these  naturalists  have 
asserted^  that  ele<Stricity  and  galvanism  are  two 

separate 
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separate  and  distinct  causes  of  phenomena,  we 
haVfe  reason  to  expecft,  from  the  progress  of 
human  intelligence,  that  they  will  be  hereafter 
united  and  confounded  in  a  third  cause,  whiph 
will  embrace  both  of  them,  and  will  produce  its 
efFe6ls  by  different  modifications." 

M.  RicHERAND,  the  author  of  an  elementary 
work  on  physiology,  has  published,  in  the  me- 
moirs of  the  Medical  Society  of  Emulation  in 
Paris,  severar galvanic  experiments  and  observa- 
tions, which  we  shall  now  proceed  to  examine. 
Shortly  after  the  discovery  made  by  Galvani 
had  been  communicated  to  the  scientific  world, 
he  instituted  a  series  of  experiments  tending  to 
confirm  the  theory  of  our  learned  countryman. 
Dr.  MrLLMAN,  on  the  sea  scurvy,  and  on  putrid 
fevers.  The  principal  chara6leristic  of  these 
afFedlions,  is  an  extreme  diminution  of  the  con- 
tra6lible  faculty  of  the  muscles,  destined  for  the 
vital  fun6lions,  and  for  the  voluntary  movements. 
This  had  led  to  a  presumption  that,  in  the 
corpses  of  those  who  had  fallen  vi6tims  to  the 
above  diseases,  the  muscles  would  be  but  little 
susceptible  to  the  galvanic  stimulus.  It  was  con- 
sidered, on  the  other  hand,  that  the  galvanic 
susceptibility  would  be  more  strongly  marked, 
and  more  durable,  in  the  instances  in  which 
death  had  been  brought  on  by  inflammatory 
afFe<ftions.    The  obje<Sl  of  the  experiments,  the 

resultg 
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»  ^^ 

tesults  of  which  are  given  by  M.  Richerand, 
was  to  ascertain  the  degree  of  confidence  to 
which  these  experiments  are  entitled, 

^*  Whatever/'  he  observes,  *^  may  be  the  dis- 
ease of  which  the  subjedl  of  the  galvanic  experi- 
ment has  perished,  the  contradlible  faculty  is 
alike  extinguished  in  all  the  muscular  organs,  as 
soon  as  the  time,  necessary  to  the  ascertainment 
of  the  total  destru6tion  of  the  vital  fun6lions,  has 
elapsed.  I  took,  indiscriminately,  the  dead  bo-  * 
dies  of  those  who  had  died  of  scorbutic  or  in- 
flammatory afFe6lions,  without  a  regard  either  to 
the  age  or  sex  *.  To  the  nervous  and  muscular 
parts  of  these  corpses  I  applied  the  metals  which 
produce  the  most  powerful  excitement,  such  as 
;sinc  and  tin.  I  brought  these  metals  in  contadl 
over  large  surfaces,  but  could  not  obtain  the 
smallest  contra6lion.  I  afterwards  repeated  these 
experiments  on  a  great  number  of  dead  bodies, 
the  muscles  of  which  I  sprinkled  with  the  oxyge- 
nated muriatic  acid,  a  preparation  so  well  calcu- 
lated, according  to  Humboldt,  to  restore  their 
languid  and  feeble  circulation.  The  result  was, 
however,  the  same  as  on  the  former  trials. 

^^  My  next  experiment  was  on  a  young  man 


*  These  experiments  were  made  in  the  hospital  of /a  Salpef 
Iriere,  in  Paris,  in  the  presence  of  M.  Pinel,  a  professor  be-* 
longing  to  the  School  of  Medicine, 

who 
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who  fell  from  the  roof  of  a  very  lofty  house^ 
and  fra6lurcd  the  skull,  the  thighs,  and  the  arms. 
The  liver  was  lacerated ;  the  abdominal  vena 
cava  ruptured  ;  and  there  was  a  considerable  ef- 
fusion of  blood  in  the  abdomen.  Notwithstand-* 
ing  the  wounded  man  died  on  the  spot,  he  was 
carried  to  the  hospital  of  la  Charite.  The  vital 
heat  was  extinguished ;  but  the  muscles  were^ 
totally  insensible  to  the  galvanic  stimulus. 

*'  Several  warm-blooded  anirfials,  which  had 
been  recently  killed,  but  the  heart  of  which  still 
contradled,  at  the  same  time  that  the  vital  heat 
was  not  diminished  in  any  particular  degfec,  did 
not  present  any  galvanic  phenomena,  although 
nothing  was  omitted  which  could  contribute  to 
their  production.  Tliclife  of  all  these  animals 
terminated  by  convulsive  movements,  which 
w^ere  more  or  less  powerful,  according  to  their 
age,  their  strength,  and  their  size." 

It  appears  probable,  from  the  above  observa- 
tions, that  whatever  portions  of  muscular  irri- 
tability may  remain  on  the  approach  of  death, 
they  are  consumed  in  the  last  efibrts  of  the  vital 
force.  It  has  been  observed  by  Grimaud,  that 
mortal  diseases,  for  the  greater  part,  terminate 
by  convulsive  movements,  unless  the  patients' 
Jiave  been  debilitated  by  a  low  diet  of  long  con- 
tinuance, or  by  extreme  old  agu  ;  as  if,  accord- 
ing to  the  opinion  of  Staiil,  each  animal  had 

received 
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received  from  Nature  the  sum,  or  quantity  of  the 
movements  necessary  to  the  development  of  the 
duration  of  its  life ;  and  as  if  these  movements 
press  rapidly  and  tumultuously,  when  the  termi- 
nation of  its  existence  is.  hastened  by  an  acci- 
dental cause. 

If  a  limb  be  severed  from  a  living  animal,  the 
muscles  are  sensible  to  the  a6lion  of  the  galvanic 
stimulus.  But  they  are  insensible  to  it  when  the 
amputation  is  made  after  the  convulsive  move- 
ments by  which  the  last  agonies  are  terminated^ 
A  leg  having  been  amputated,  in  the  case  of  a 
disease  of  the  articulation  of  the  knee,  its  mus- 
cles, and  the  sciatic-popliteal  nerves  were  laid 
bare  immediately  after  the  operation.  The  gal- 
vanic phenomena  were,  in  this  instance,  very 
sensibly  displayed ;  and  did  not  cease  until  the 
total  extindlion  of  the  vital  heat. 

"  These  fa6ls,  observes  M.  Richerand,  seem 
to  prove  that  the  muscular  contradlibility  is  de- 
stroyed, by  the  convulsive  movements  in  the 
midst  of  which  warm-blooded  animals  expire." 
In  cold-blooded  animals  the  contradlibility  is 
more  vigorous,  and  more  durable.  If  this  qua- 
lity can  be  afted  on  by  the  galvanic  stimuli  a 
considerable  time  after  death  has  taken  place^ 
and  at  the  moment  even  when  the  putrefadtive 
process  has  commenced,  is  it  not  because,  in 
these  animals,  life  is  Jess  a  whole,  if  the  ex- 
pression 
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prcssion  can  be  allowed,  but  because  it  is  mote 
divided  in  diftl-rcnt  organs,  which  have  less  need 
of  acting  on  each  other,  in  the  produiSUon  of 
tliis  surprizing  phenomenon  ? 

"  Irrit^lity  is  of  two  short  a  duration  in 
man,  to  allow  the  galvanic  experiments  tried 
after  his  death,  to  furnish  any  information  rela- 
tive to  the  greater  or  less  degree  in  which  this 
vital  property  is  weakened  and  exhausted,  in  dif- 
ferent diseases.  The  writers,  therefore,  who  have 
advanced  that  the  galvanic  susceptibility  is  more 
efFeiEtually  extinguished  in  subjeiis  whose  death 
has  been  occasioned  by  scorbutic  afteiSions,  than 
in  those  who  have  sunk,  under  the  attacks  of  in- 
flammatory diseases,  have  hazarded  a  very  im- 
probable conjei5ture,  which  has  not  been  con- 
firmed by  experience." 

In  a  work  rcocntly  published,  entitled,  "  Nerf* 
Elements  of  Physiology,"  M.  Richeband  'has 


Vdiiic  phenomena,  at  the  same  time  that  char-<< 
Coai,-  water,  and  many  other  substances,  are 
equally  favourable  to  their  production.  Not- 
withstanding .  there  is  a  great  analogy  between 
the  cffeifts  of  eledricity  and  those  of  |;alvanism/ 
the  name  of  animal  ele6^ricity  has  been  also  re-^ 
nounced,  to  perpetuate  the  memory  of  the  cele- 
brated naturalist  by  whom  the  discovery  of  the 
latter  principle  was  made.*' 

Our  author  now  proceeds  to  describe  ^^hat  is 
essential  to  the  production  of  the  efFedts,  in  the 
formation  of  a  galvanic  circle.  He  describes  the 
experiments  which  an  individual  may  try  on  him- 
self, such  as  those  made  by  Humboldt,  toge- 
ther with  the  mode  of  constructing  the  exciting 
arc«  He  points  out  the  relations  which  subsist 
between  galvanic  susceptibility  and  muscular 
irritability.  He  shews  that  the  former  is  extin* 
guished  in  warm-blooded  animals^  in  proportion 
as  the  v^tal  heat  is  dissipated ;  and  that  it  is  more 
durable  in  animals  with  cold  blood.  In  proof  of 
this,  he  adduces  the  following  faCts,  which  were 
communicated  to  him  by  Professor  Ppaff^  and 
are  but  little  knowUi 

"  The  galvanic  chaiin  does  not  produce  any 
sensible  aCtiotis,  that  is^  contractions^  unless  at 
the  moment  when  it  is  closed,  by  establishing  a 
communication  between  the  parts  of  which  it  ir^ 
constituted.     During  the  whole  of  the  time  that 

.^.YOL.  II.  O  it 
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it  remainE  cloFcd,  that  is,  during  Uie  inteiiral  Ihit 
the  communication  costinuea  to  be  establisUed,  a 
perfet^  tranquillity  prevails,  notwithstanding  tfaa 
galvanic  influence  is  not  suspended.  Indeed, 
the  excitability  is  in  a  very  extraordinary  decree 
either  augmented  or  diminished,  in  muscles  whidi 
have  remained  for  a  long  tinie  within  the  galvfr- 
nic  chain,  accordmg  to  the  difference  of  the  si- 
tuation of  the  combined  metals.  If  the  silver  be 
applied  to  the  nerves,  and  the  zinc  to  the  mas- 
des,  the  irritability  of  the  latter  is  augmented  in 
proportion  to  the  time  they  have  remained  with- 
in the  chain.  By  this  mean,  it  is  possible  to  sti- 
molate  to  a£lion,  and,  in  a  manner,  to  revivifi- 
cate,  the  thighs  of  frogs,  which  are  again  obe- 
dient to  the  ttinaUi,  after  they  have  ceased  to  be 
moved  hy  them.  By  distributing  the  metids  in 
an  inverse  manner,  that  is,  by  applying  the  sine 
to  the  nerve,  and  the  silver  to  the  muscles,  an 
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-  tais  are  disposed.  This  fa6l  is  of  the  utmost  im- 
portance, in  the  application  bf  galvanism  to  tHe 
cureoFdisesseii*  In  the  cases  which  indicate- tlie 
necessity  of  atigmenting  the  enfeebled  irritabilitj, 

•it  ig^  preferable  to  employ  the  tranquil  and  lasting 
.infloence  of  the  galvanic  chain,  by  distributing 
:'|H^  $tlverind  th^  ^ncin  such  a  w^y,  as  that  the 
'ftrfher  of  these  metals  may  be  near  to  the  origin  of 
*  the  nerves^  while  the  latter  is  laid  on  the  muscles, 

the  benumbed,  or  totally  suspended  adion  of 

which  is  to  be  revived,  than  to  resort  to  its  sud- 
.  den,  transitory,  and  instantaneously  stimulating 

influence." 

The  above  article  on  galvanism  is  terminated 

by.  the  description  of  the  Voltai(:  apparatus,  and 

-  by  the  explanation  given  by  Fourcroy  of  the 
manner  in  which  this  apparatus  a6is,  in  bringing 
iHbovti  the  oxydation,  and  the  disengagement  of 

.  the  hydrogen  gas.  He  ascribes  this  phenomenon 
to  the  decomposition  of  the  water  by  the  galva- 
nic fluid.  This  fluid,  according  to  him,  aban- 
dons the  oxygen  to  the  wire  by  which  the  pcfsi- 

-tive  extremity  of  the  apparatus  is  touched,  and 
afterwards  condu6ls  the  other  gas,  in  an  invisible 
manner,  to  the  extremity  of  the  other  wire,  to 
aUow  it  to  disengage  itself  there.     This  opinion, 

-trhich  is  supported  by  a  great  variety  of  experi- 
ments,  appears  to  our  author  to  be  the  most 

^obable  of  any-  that  have  yet  appeared. 

-i  '  0  2  Several 
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Several  galvanic  experiments  and  observations 
have   been    recently  published    by  M.  Bichat, 
physician  to  the  Hotel  Dieu  in  Paris,  and  authi 
of  a  very  celebrated  work  on  anatomy.  In  speafci 
ing  of  the  influence  of  the  destruction  of  the 
brain  on  that  of  the  heart,  after  having  proved, 
conformably  to  observation  and  experience,  that 
it  is  not  immediately  by  the  interruption  of  the 
cerebral  a<5tion  that  the  heart  ceases  to  aft,  he 
confirms  this  fundamental  datum  of  physiology 
and  pathology,  by  a  series  of  galvanic  expei 
ments,  which  demonstrate  that  the  heart  is  in 
cases  independent  of  the  brain. 

"  These  experiments,"  he  observes, 
made  by  me  with  the  most  scrupulous  attention, 
because  several  very  respectable  authors  have  re- 
cently advanced  an  opinion  contrary  to  mine, 
and  have  endeavoured  to  piove  that  the  he: 
together  with  the  other  muscles  of  organic  li 
<lo  not  differ,  as  to  their  susceptibility  to  the  gal. 
vanic  influence,  from  the  different  muscles  of 
animal  life.     I  shall  begin  by  a  detail  of  the  ol 
scrvations  I  have  made  on  animals  with  red 
cold  blood. 

"  1st,  In  several  experiments  made  on  frogs, 
I  coated  the  brain,  on  the  one  hand,  with  lead, 
and  the  lieart  and  muscles  of  the  inferior  extre- 
mities, on  the  other,  with  a  long  lamina  of  zinc, 
the  upper  end  ef  which  touched  the  heart,  ani, 
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the  lower  end  the  muscles.  Having,  by  the 
means  of  silver^  established  a  communication 
between  the  coatings  of  the  muscles  and  those 
of  the  brain,  the  movements  of  the  limbs  con- 
stantly followed ;  but  I  could  not  perceive  any 
acceleration  in  the  contractions  of  the  heart, 
when  it  still  continued  to  beat ;  and  when  its 
a<5lion  had  entirely  ceased,  it  did  not  display  the 
smallest  movement.  Whichever  may  be  the  vo- 
luntary muscle  that  is  coated  at  the  same  time 
with  the  heart,  with  a  view  to  a  comparison  of 
the  phenomena  they  exhibit  at  the  moment  of 
the  metallic  communication,  there  is  constantly 
a  marked  and  decided  difference. 

^'  2dly,  In  the  case  of  other  frogs,  I  coated, 
with  a  common  metallic  wire,  on  the  one  hand, 
the  cervical  part  of  the  spinal  marrow,  in  the 
upper  region  of  the  heart,  to  the  end  that  the 
coating  might  be  above  the  part  where  the 
nerves  which  proceed  from  the  great  intercostal 
nerve,  and  thence  to  the  heart,  originate ;  and, 
on  the  other  hand,  the  heart,  and  any  one  of  the 
voluntary  muscles.  I  constantly  noticed  a  result 
similar  to  the  one  which  attended  the  preceding 
experiment,  whenever  the  communication  was 
established.  There  were  invariably  violent  agi- 
tations in  the  voluntary  muscles,  without  any  vi- 
sible alteration  in  the  contractile  movements  of 
the  heart* 

o  3  "  3dlv,  I 
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*'  3dly,  I  eiwleavoured  to  denudate  the  nerves 
whicli  lead  to  the  heart  of  frogs.  Several  grey- 
ish filaments,  scarcely  perceptible,  with  the  na- 
ture of  which,  I  must  acknowlcdc^e,  I  am  not. 
positively  acquainted,  were  coated  with  a  metal- 
lic substance,  at  the  same  time  that  the  heart 
was  made  to  rest  on  a  substance  of  a  similar  na- 
ture. When  the  communication  was  established' 
by  the  means  of  a  tliird  metal,  not  the  sipallest 
sensible  etFeift  was  to  be  [Kirceived.  ■ 

"  It  appears  to  rac  that  these  trials,  which  had 
been  partly  made  before  I  engagetl  in  them,  are 
well  calculated  to  decide,  in  a  positive  manner, 
whether  the  brain  has  any  diretft  influence  on 
the  heart,  more  particularly  when  they  are  re- 
peated with  the  precautions  which  were  taken 
by  me,  to  coat  successively,  and  alternately,  the 
internal  and  external  surf^es,  and  the  substance 
even  of  the  latter  organ.     In  each  of  these  ex- 


by  the  toeaaa  of  a  third  metallic  substanc^^    In 
these  caaea,  Humboi^pt  observes  that  he  has  semi 
the  movements  produced.    I  must  oonfess,  not-f 
withstanding^  thst  although  I  haye  frequently 
repeated  these  enperiments,  with  a  stri^  adhc^. 
rence  to  the  form^  prescribed,  I  could  never  per* 
ceive  any  such  result.    On  other  occasion^^  it  i% 
true,  a  slight  movement,  very  different;  fpQxn  tbak 
natund  contrail  ions  of  the  he^rt,  was  manife^M^U 
and  aeemed  to  be  aacribable  to  the  galvanic  in* 
fiueiKK.    I  should  have  been  indi^:>ed  tp  ceuoi^ 
aider  this  moreoient  aa  the  et{^  iOf  tbe^  pdo^ 
chanical  irritation  of  the  coatinga,  h^  it  p^ 
been  for  the  respe6table  authority  gi  Humbowtj 
and  of  several  other  profound  naiuralist^,  wh^ 
have  recognized*  in  their  experim^ts,  the  iti&uht 
ence  of  galvanism  on  the  heart,^  w^i^en  the  ap^ 
plication  ia  made  in  thi^  manner.    I  s^n,  ho^^ 
ever,  far  from  pretending  to  have  seen  nf^ore  dis-> 
tin£tly,  in  the  trials  I  have  mades  ^ban  those  wl^q 
have  pujrsued  the  san)e  track  of  investigation*  •{ 
merely  state  what  I  have  observed.      ;         . 

"  Sthly,  It  may  not  be  improp^  to  obsenrf 
in  this  place,  that  the  experiments  in  which  th^ 
coatings  are  not  applied,  on  the  one  hand,  to  a 
portion  of  the  nervous  system,  and,  on  the  oth^rj 
to  ther  fleshy  fibres  of  the  heart,  do  not  api^ear  tp 
me  to  be  very  conclusive,  in  deciding  whether' 
the  influence  which  the  brain  qxiei^cv$e&  on  that 

o  4  organ. 
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organ,  is  dire<%.  What  rigorous  indu6lion  can, 
indeed,  be  drawn  from  movements  produced  by 
the  coating  of  two  fleshy  portions  ? 

"  I  proceed  now  to  experiments  made  on  ani- 
mals with  red  and  warm  blood.  It  became  the 
more  necessary  to  try  them,  because  the  mode 
of  the  contrat^ibility  of  animals  with  red  and 
Gold  blood,  dif^s  essentially,  as  is  well  known, 
from  tiiat  of  animals  with  red  and  warm  blood. 

"  1st,  In  the  course  of  the  winter  of  the  year 
1^98, 1  was  authorized  to  make  different  experi- 
ments on  the  bodies  of  the  unfortunate  perstHU 
who  had  been  guillotined.  These  bodies  were 
brought  to  me  about  twenty  minutes  after  the 
execution  had  taken  place.  In  several  of  them 
the  motive  facnlty  was  extinguished ;  while, 
m  others,  I  was  enabled  to  excite  it,  with  a 
greater  or  less  degree  of  facility,  in  all  the  mus- 
cles, by  the  ordinary  methods  which  are  resorted 
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Biediate  way,  to  the  fleshy  fibres,  contraAioas 
ensued.  Did  this  arise  from  the  nervous  fila- 
ments of  the  heart  having  been  for  some  time 
insulated  from  the  brain  ?  But,  in  such  a  case, 
why  did  those  belonging  to  the  voluntary  mus- 
cles, which  were  likewise  insulated,  favour  the 
produdlion  of  the  galvanic  phenomena  ?  The 
following  experiments  will  clear  up  this  doubt. 

**  2dly,  In  experiments  made  on  dogs  and 
guinea  pigs,  I  coated,  with  two  metallic  sub- 
stances, in  the  first  place,  the  brain  and  heart  ;* 
next,  the  trunk  of  the  spinal  marrow  and  the  lat- 
ter organ  ;  and,  finally,  that  organ  and  the  nerve 
of  the  par  vagunty  from  which  it  receives  several 
tittles.  The  two  coatmgs  having  been  made  ta 
communicate,  there  was  not  the  smallest  appa- 
rent result :  I  could  not  perceive  that  the  move- 
ments were  re-produced,  after  they  had  ceased  ; 
nor  that  they  were  accelerated  during  their  con--' 
tinuance. 

^^  3dly,  The  cardiac  nerves  of  two  dogs  having 
been  coated,  both  in  their  anterior  and  posterior 
filaments,  another  coating  was  applied  to  the 
heart,  sometimes  at  its  anterior  surface,  and  at 
others  at  its  posterior  surface,  and  at  otherSj^ 
again,  at  its  fasciculi.  The  communication,  as 
in  the  preceding  experiment,  did  not  produce 
any  apparent  movements*  In  experiments '  of 
this  detoription^  the  communication  ought  not 

to 
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to'  be  made  until  9  certain  portion  of  time  has 
elapsed  after  the  coating  has  been  placed  on  tbo 
heart,  to  the  end  that  wiiat  is  merely  the  effeA 
of  metallic  irritation,  may  not  be  ascribed  to 
galvanism. 

"^^  4th}y,  Humboldt  observes,  that  when  the 
heart  is  suddenly  detached  from  the  cavity  of  the 
pericardium,  taking  care  that  several  of  its  insu- 
lated nerves  should  still  remain  attached  to  the 
viscus,  contradions  may  be  produced  by  coating 
the  latter  with  a  metallic  substance,  and  by 
touching  the  coating  with  another  metal,  i 
tried  this  experiment  repeatedly,  but  without 
success,  except  in  one  particular  instance^  which 
was  attended  by  feeble  contra6tions. 

"  5thly,  On  the  other,  hand,  I  succeeded,  al- 
most invariably,  in  producing  contradtions  in 
animals  with  red  and  warm  blood,  ^\hcn  I  took 
out  the  heart,  and  brought  it  in  conta6l,  at  two 
different  points,  with  metallic  substances,  between 
which  a  comhuuiu  jition  was  established.  It  ap- 
pears to  ijic  Lhat  this  is  the  only  mode  of  producing 
on  that  organ,  efficaciously  and  demonstratively, 
the  galvanic  phenomena.  It  does  not,  however, 
prove  w  11  it  is  the  object  of  my  present  researches, 
namely,  whether  the  brain  has  a  dired  influence 
on  the  heart. 

^'  I  repeated  each  of  the  above  experiments 
oii  galvanism  a  considerable  number  of  times, 

and 


Mid  nvith  the  moat  miaute  pr^^^mitigms^  Not^ 
\vith6tafKlitig  I  did  not  obtain  the  same  re»ilt9^ 
I  would  npt  have  it  undefStQod,  as  I  observed- 
before^  that  I  wish  to  throw  any  doubt  on  th^- 
fidelity  pf  the.  experiments  which  have  been  tried' 
by  others..  The  efFedts  of  those  which  have  for 
tbeiF  objedl  the.  vital  forces,  are  well  known  tot- 
be^extr^mely  yariable.  Admitting,  ev^n,  result$f 
diifefent  from  those  which  I  obtained,  it  will  ^ill 
be  aqk;90U?ledg^^,  at  least  such  is  ray  persuasion^;' 
that,  ol^tli^e  ^ore  of  galvanic  excitement,  there* 
is  an .  ^enopmpus  difference  between  the  muscle^ 
of  animal  life  and  those  of  organic  life.  Ther^^ 
i^  pot  &ny  method  so  well  calculated  to  ascertaii^ 
tbid  diflference^  in  experiments  on  thfe  heart  an<i 
on  the  int^^tines,  ^s  that  of  constantly  coating 
Wtb  them^tal  which  is  ero^pJ<;^ed  as  a  coating 
for  these  muscles, .  one  of  those  belonging  to 
animal  life;i  and  thus  establishing  a  parallel  be^ 
tween.them,  ■-''.'■, 

"  If,  indeed)  we  grant  that  the  galvanic  phe-» 
nomena  have^  on  these  two  kinds  of  muscles^ 
an  equal  influence,  what  is  proved  by  this  fa(%  I 
Nothing  more  than  tluit  these  phenomena  axe, 
in  their  sucqessiofl^i  gQverped  by  laws  which  ara 
altogether  different  from. those,  of  the  pheno-r 
mena  of  the  nerves  with  which  these  muscles 
correspond/*' 

Having  discussed  this^  impoi^tant  physiological 

question. 


«■ 


Aft       oiX^kk^iMnAMemn  6v  ^rii 

ijdKisiion>  M.  BiCttAt  prooe^  lb  f^t  i:^  die 
iflfltieBce  the  de^tMSIibn  tiTthe  vitd  im^gy  of 
llfe^^brdii  ha^*  OH  tftft  of -the  reisjpeffive  organs, 
#htch  he  diTidfes  into  thote  of  dnimU  Itfe^  anS 
tiftfii  of  drj^hic  IMe/^  He  inqiiirts;  in  the  Int 
]^Ii^,  ^fifiiiedief'  t)ie  ijitemiption  oC  the  OfgaiiiB 
l6hdlioh8/i8  ft  (fir^'^Sea  of  thtti' canatiort  oP 
liie  ^ooneMl  aSion.  After  having'  jpitMred^  ii'lle' 
lidid  dretuljr  dcme  m  the  preceding  lutide;  boft 
%jF  obserratiott  and  feiiperienoey  that  aft  ^SSmbs^ 
Urtai  fon6Uoii8  are}  in  tb4^  same  waff  #Uli*liie 
ifl&A  of  the  heaatty  withdrawn  from'  t^  tlife6k^ 
isftendancy  of  the  Intih,  and  that^  conaeqttentljr^ 
lUtSr  interruption  cannot  be  immediately  derived 
^Mm-  thef  destradibn  of  that  otgm  ;  and  after 
having  established,  anatomically  alfid  substantially, 
that  the  organic  fundlions  are  not  subjected  to 
the  immediate  influence  of  the  brain,  seeing  that 
the  greater  part  of  the  viscera  by  which  these 
functions  are  performed,  receive  few,  if  any,  of 
the  vertebral  nerves,  but  are  rather  supplied  with 
the  nervous  filaments  arising  from  the  ganglions, 
such  as  are  observed  in  the  liVer,  kidnies,  pan- 
creas, spleen,  intestines,  tscc.  he  demonstrates  the 
truth  of  the  principle  he  has  established,  by  ex- 
periments on  living  animals. 

These  experiments  were  niade  on  the  stomach, 
intestines,  bladder,  uterus,  &c.  of  animals  with 
warm  bloody  and  were  constantly  attended  by  a 

result 
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result  similar  to  the  above.  They  were  after- 
wards repeated  on  cold-blooded  animals  ;  and 
justified  the  general  inference  which  he  draws^ 
namely,  that,  "  with  relation  to  the  galvanic 
fluid,  as  well  as  in  every  other  point  of  view, 
there  is  an  enormous  difference  between  the 
muscles  of  animal  life^  and  thos6  of  organic 
life/' 


rAET 
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CHAP.   XVII.  , 

General  inlroduRory  observations. 

HAVING  thus  brought  down  to  the  present 
time,  an  historical  account  of  all  the  theories 
and  experiments  relative  to  the  newly  discovered 
principle  of  galvanism  ;  and  having  traced  the 
science  from  the  era  of  its  discovery,  through  all 
its  successive  stages,  it  now  remains  for  me  to 
arrange  the  scattered  sentiments  into  a  regular 
order,  so  as  to  bring  into  some  kind  of  system 
the  subje<5l:  treated  of. 

Hitlierto  I  have  confined  myself  to  a  detail  of 
the  experiments  of  the  different  philosophers, 
chiefly  arranged  as  to  the  time  when  they  were 
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thbogh,  in  my  general  sentiments  as  to  galvanism, 
I  coincide  in  ojrinion  with  Volt  a,  stilt  in  many 
instances  it  will  be  found  that  I  have  materidly 
differed  from  him.  I  have  attempted  to  prote, 
that  the  principles  of  [galvanism  and  ele<9:ricity 
are  identically  the  same.  That  the  former  is 
the  evolution  of  ele6i:ricity  from  condudling  bo- 
dies, forming  one  of  their  constituent  parts,  ^nd 
dis^igaged  by  a  chemical  process ;  while  the 
lattcir  is  the  same  principle,  rendered  apparent  to 
our  senses,  by  the  temporary  changes  of  non*- 
conda(9:ing  bodies,  to  a  condu6ting  state. 

As  I  have  undertaken  to  explain  all  the  pheno- 
Hiena  of  galvanism  on  eledlrical  principles  ;  and 
as,  relatively  to  these  principles,  I  have  enter- 
t^ned  opinions  different  from  those  generally 
received,  I  have  deemed  it  necessary  to  previ- 
ously state  them,  seeing  that,  otherwise,  the 
explanation  of  the  galvanic  operations  would 
bave  been  obscure. 

It  wiH  be  seen,  that  all  the  operations  of  elec- 
tricity are  reducible  to  the  action  and  re-adion 
between  air  and  the  eledric  fluid ;  and  it  appear^ 
to  me,  that  the  phenomena  which  have  been  ge- 
nerally ascribed  to  the  influence  of  such  imagi- 
nary powers  as  those  of  attraSlion  and  repulsion^ 
are  here  satisfadorily  accounted  for  on  simple 
mechanical  principles.  When  we  reflect  that 
cleiSh-icity  is  a  principli^  which  has  been  known 
for  more  than  two  thousand  yeaf^^  aoid  that  it  ift. 

still 
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Still  very  imperfeflly  comprehended,  it  cannot  be 
expelled  that,  at  so  early  a  period  after  the  diaco' 
very  of  galvanism,  any  thing  like  a  perfcft  flyatem 
can  be  formed.  I  believe  the  present  to  be  the  6rst 
attempt  to  arrange  systematically  this  new  brandi 
of  natural  philosophy,  on  which  account  I  flatter 
myself  I  shall  meet  with  every  indulgence,  if  the 
work  should  be  found  not  to  be  so  perfed  as  it 
has  been  my  wish  to  render  it.  Those  who  bsK 
been  habituated  to  philosophical  pursuits,  will  be 
fully  aware  of  the  arduousness  o(  the  task  which 
aims  at  the  reduction  of  disjointed  members  into 
one  perfei^  body.  In  such  an  attempt,  it  is  not 
only  requisite  to  repeat  with  care  the  numerous 
experiments  which  have  been  already  performed; 
but  also  to  institute  new  ones,  in  order  if  possSile 
to  ascertain  certain  precise  limits.  Thus,  in  the 
chapter  on  galvanic  surfaces,  it  appears  that  it 
had  been  admitted  as  an  axiom,  drawn  from  the 
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CHAP.  XVIII. 

The  principle  of  galvanism  considered  as  an  tm'- 
portant  agent  of  Nature— ^Observations  on  tlie 
systems  of  Mesmer  and  Perkins — fVhxit  is 
meant  by  conducing  and  non^conduSling  sub" 
stances^  in  eleBrical  and  galvanic  experiments. 


ALU  the  knowledge  of  natural  philosophy 
\vhich  can  he  acquired  by  cursory  reading,  with  - 
out  the  assistance  of  mathematical  learning,  must 
consist  in  an  acquaintance  with  leading  fafts  and' 
general  conclusions:  fa6ls  are,  as  it  were,  the 
materials  of  science,  and  much  pfaisc  is  due  to 
those  who  have  increased  the  public  store,  by 
new  experiments  accurately  made  and  faithfully 
related.  But  it  is  not  in  the  mere  knowledge^ 
nor  even  in  the  discovery  of  fa&s,  that  philosophy 
consists:  one  who  proceeds  thus  far  is  an  expe- 
rimentalist, but  he  alone,  who,  by  examining  the 
nature,  and  observing  the  relation  of  fadls,  ar- 
rives at  general  truths,  is  a  philosopher. 

It  is  now  about  -thirteen^  years  since  an  appa- 
rently new  branch  of  natural  philosophy  has  been 
added  to  the  stock  of  scientific  acquirements, 
and,  from  the  peculiarity  of  its  phenomena,  has 

VOL.  II.  ?  excited 
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excited  the  general  attention  of  philosophers* 
The  circumstances  which  led  to  this  important 
discovery  by  Galvani,  have  been  already  parti- 
cularized. The  experiments  of  the  Continental 
and  British  philosophers,  have  at  once  developed, 
the  influence  of  tliis  surprizing  principle,  and 
have  demonstrated  its  efFedls  as  an  important 
agent  in  Nature. 

The  peculiar  powers  of  this  principle,  in  rousing 
into  action  the  dormant  energies  of  vitality,  and 
giving  life  to  parts  which  were  in  a  torpid  ina6Uve 
state,  at  first  induced  an.  opinion,  that  it  is  a 
principle  sui  generis^  and  more  subtile  than  that 
of  eledlricity,  which  it  more  particularly  resem- 
bles. When  we  reflect,  that  eledlricity  is  a 
principle  known  for  more  than  2000  years,  and. 
yet  that  our  knowledge  of  it  is  very  imperfect, 
how  little  ought  we  to  expe6i:  from  the  science  of 
galvanism,  in  so  early  a  stage  as  the  present  period. 
Galvanism  is  not  one  of  those  mysterious  prin- 
ciples which  influence  the  animal  frame,  without 
atfcfting  the  external  senses — itsvvondcrful  agency 
is  evinced  by  its  powers  of  decomposing  inanimate 
matter ;  and  the  celebrated  Guyton  thinks^ 
that  at  some  period  it  will  be  found  one  of  the 
most  general  mineralizing  principles.  When  an 
animated  body  is  subjefted  to  its  a6lion,  all  those 
eftc6ls  arise  which  might  be  expefted  from  the 
stimulating   power  of  an  active   principle.     It 

does 
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does  not  aA  by  influencing  the  ioiagihition^ 
which  has  been  so  many  times  aSed  upon  by  the 
magnet  and  the  tra£bors. 

It  is  true^  that  in  a  machine  so  complicated  as 
the  human  body,  subject  to  so  many  strong  im-^ 
pressions,  and  to  the  almost  absolute  power  of 
imagination,  the  changes  said  to.  have  *  been 
brought  about  by  the  votaries  of  Mesmer  or 
Perkins,  might  have  been  produced  by  causes 
very  different  from  the  agency  of  the  loadstone 
or  of  the  traftors :  these  circumstances  have  been 
more  vaunted  than  examined  by  the  advocates  of 
animal  magnetism  and  perkinism.  Mesmer,  we 
know,  pretended  that  when  he  was  himself 
touched  by  the  loadstone,  he  had  the  capacity  ot 
transmitting  by  his  finger  the  magnetic  streams 
from  his  own  body  to  that  of  his  patient. 
Steiglehner  proved  all  Mesmer's  trials  to  bq 
illusive  and  fallacious;  and  a  highly  respeftable 
i^harafler,  Dr.  Haygarth,  has  placed  in  their 
proper  light  the  delusive  traAors.  May  we 
not,  however,  make  some  allowance  for  those 
intelligent  persons  who  have  been  misled  by 
the  visionary  efFeds  imputed  to  animal  mag* 
netism  and  to  the  tracers,  when  we  consider  that 
two  such  celebrated  charadters  as  Bacon  and 
Boyle  were  contaminated  by  the  prevailing  en- 
thusiasm of  the  ancient  magnetists  ?  Mesmer 
pretended,  that  the  nature  of  the  inherent  power 
:^J  p2  on 
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on  which  heexpstiatcd,  was  only  known  to  hm* 
self,  and  bf  him  alone  it  could  he  eoninnuitcata). 
It  is  also  said,  that  the  tra£ton  Ion  their  Tntm 
tf  thejr  fall  into  other  hands  than  thou  of  the 
[lurchaiera*. 

In  the  author's  in^ries  into  the  snrprisin^ 
^indplc  of  golvaBim,  no  dcdufUons  will  he  niada 


*  In  the  MesnienaD  dodrine  ttiere  is  lomcAing  fttdhatio^, 
•6Biethtng  caleclated  to  strike  the  minds  of  the  mnttitDde :  tt 
tttiiVcrMl  fiaid,  lubtile  beyond  conqurison,  ckpabte  oCnca.tiBf, 
piopggatiag  ud  coQimnoicating  all  Ike  imprMiioDB  of  motkm, 
^ad  coDitituting  a  mutual  influence  between  colcttial,  turct* 
trial,  and  animal  bocUeg. 

]t  is  difficult  to  conceive  what  interest  can  be  attached  to  the 
traSors,  which  are  fonnded  on  no  medical  or  philosoi^icil 
principles,  and  the  prescribed  mode  for  the  application  of  wUcbi 
h  10  truly  ridiMlmu,  at  to  Teodev  it  ansj  cfted,  that  the  itnipi 
MlSca  mnit  be  very  easily  a&xl  upon,  if  capable  of  bni^  thof 


but  whit  Qisperimenld  fafVs  autfaoriae  $  nd  a§der- 
ttcils  aidvBneed  but  what  can  be  deiiion&trat^ 
Although  he.  may  occasibiially  indulge  in  tht 
i^ide  field  of  conjedurej  the  opitiionB  which  will 
be  then  brought  forward  will  0nly  be  hotydeAai 
hypolhelica),  an4  ft6  efforUng  k  prdsumptioti  iJA^ 
they  may  occasionally  lead  to  the  ascertainment 
of  some  important  feds.  > 

As  all  the  galvanic  phenom^ia  appear  to  hjm 
to  accord  with  the  principles  of  electricity,  and 
to  be  )-eguUted  by  the  same  laws-^^r^f  b^ppimons 
upon  these  laws  differ  from  those  generally  re-^ 
eeived,  he  has  thought  it  advisable  to  premise 
them  by  a  few  introdu^ory  remarks. 

The  observations  he  has  made  as  to  the  galvanic 
influence  in  medical  cases,  are  comparatively  but 
few ;  its  influence  in  cases  of  deafness  he  has  fre- 
quently experienced.  In  recommending  the  ^m- 
pioyment  of  this  principle  to  the  serious  attention 
6f  praAitioners,  he  hopes  it  will  not  be  understood 
by  the  public,  that  he  confines  his  attention  soWy 
to  this  practice ;  it  is  only  one  of  the  branches 
pf  that  course  o^  science  of  which  every  prafti- 
tiOB€»  ought  to  be  master^. 

In 

«  them  i»  a  rMMfkable  kMtunee  ci  an  emitient  pia^tioxiiirji 
lirho,  from  Me  eUtMteive  availed  knowledge,  deaenridl^ 
ranks  high  In  the  profession,  but  wbo  fonnd  h  pnulent 

f3  to 
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.  In  the  employment  of  this  prindple,  ^le'same 
precautions  are  requisite  as  in  the  exhibition  of 
any  active  medicine :  the  sensibility  of  the  part 
sff^&sd,  and  whether  it  should  be  diredly  or 
indire£tly.a£ted  upon,  are  circum^ances  to  be 
only  regulated  by  the  judicious  pra^tioner. 

CONDUCTOBS   AND   NON-CONDUCTORS   OP  ■ 
ELBCTBICITY. 

The  experiments  of  Mr.  Geay  casually  led  to 
this  grand  division  of  all  substances;  as  they  relate 
to  eleiftricity.  They  were  by  him  termed  ele<9ric» 
and  non-ele^rics,  from  a  supposition  that  the 

to  decline  being  thought  to  have  paid  anjr  peculiar  atlcDtioD 
to  a  distressing  malady,  which,  in  the  course  of  big  enlarged  in- 
■  3,  he  had  greatly  benefited. — Medical  persons  a"  ' 
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former  alone  contained  the  principle  of  elecjiri- 
city,  as  being  only  apparent  in  consequence  of 
their  excitation.  Dr.  Franklin,  from  some  ex- 
periments, being  induced  to  suppose  that ,  elec- 
tricity is  equally  difiused,  changed  the  terms  of 
eleSlrics  into  non-condvMors^  and  non-eleBrics  into 
condvMors.  From  some  experiments,  J  am  in- 
duced to  suppose,  that  eledlricity  is  universally 
diffused,  but  not  equally ;  that  those  bodies  are 
the  best  condu6lors  which  contain  the  greatest 
quantity,  and  those  the  best  non-condu<Stors  which 
contain  the  least. — ^Thus  metallic  bodies  are  the 
best  conductors  *.  All  fluids,  except  air  and  oil, 
are  also  condudlors.  The  disposition  in  the  bpdy 
to  retain  electricity  may  be  termed  its  capacity. 

When  conducing  bodies  undergo  any  change, 
if  by  such  change  their  capacities  become  altered, 
then  signs  of  eledlricity  are  evinced. 

If  the  change  should  be  of  such  a  nature,  that 
their  capacity  for  eledricity  becomes  increased, 
the  substance  will  be  in  a  state  of  abstraSing  it 
from  surrounding  bodies,  and  therefgre  will  evince 

« 

negative  signs;  the  same  as  frigorific  mixtures 
produce  negative  signs  of  heat. 

If,  in  the  change  it  undergoes,  the  capacity  of 
the  substance  for  eleftricity  is  diminished,  it  gives 


W  I  I  ■    I  ■ 


*  Philosophical  Analysis,  by  C.  Wilkinson.     Printed  for 
AHqd,  P^tcrnoster-row. 
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out  a  porticm  of  its  oatural  quantity,  and  evisctt 
positive  signs,  or  a  state  oi  superabundance. 

When  any  substance,  in  the  change  it  usderr 
goes,  gives  out  eledriraty,  it  becomes  proper^ 
lt(»iately  diminisbed  in  its  cocidu(9ing  powers;  so, 
on  the  contrary,  when  it  acquires  an  increase,  it 
increases  also  its  powers  as  a  ooadudor. 
■  Thus  a  metallic  substance,  which  is  a  good  oou- 
du£tor,  vhen  oxydated  is  a  very  inq>erfed  one. 
In  the  change  from  its  r^uline  state  to  a  calx, 
cletSricity  is  given  out. 

Water,  when  it  forms  itself  into  ice*,  gives  ot^ 


*  In  order  to  ascertain  ihe  infiueiice  of  clcflricity,  in  the 
process  of  crystal] izalion,  I  made  some  expcrimenti  on  the 
change  of  water  to  ice.  Tlie  temperatnrc 'of  the  air  in  the 
coarse  of -(be  nigkt  was  as  low  as  20*  of  Fahkbxhit.  It  ■ 
-well  Itnown  (hat  wheo  water  remaina  (]uiescent>  it  may  be 
cooled  down  to  39°  without  lieiosfrozen.  Upon  tbc  least  roottonj 


«^6dTldkyi  Hand  Achmd  says,  that  ke  redueoi  to 
13°  below  the  zero  of  FAHifiiirHBiT^  beeom^s  ^Q 
greatanon-ooodu^UM*,  a^evan  to  be  capable  ^«ex* 
Nation.  Dr.  ^usx  ob^rve/;^  that  from  a  i^ylifider 
>(^,ioe  ^  Aojf  dr^ie/3K  sparks  wiiea  at  tM  (?i|a|)^ir|i^ 
ture  of  5"*  below  zero.  .  . ; 

'  WHea  Water  is  c^Oa^erted,  iiito  y:$ipQW9  its  6apa- 
<afty  fdr  eledlricity  is  increased ;  and  it  Wr  well 
known  that  the  condu6liBg  power  of  tapour  is 
^iperior  to  that  of  water*.  .•:     » 

This  capacity  for  ekftricity  is  not  regulated  by 
any  known  laws,  such  as  tlie  densities  or  the  spe«* 
cific  gravities  of  the  bodies* 

In  many  substances,  the  conducing  power  seems 
to  depend  on  the  addition  of  other  principles; 
thus  wood,  when  a  condudor,  is  so  in  oonsequenc6 
of  the  moisture  it  contains ;  when  deprived  d 
it  by  drying,  it  resists  the  passage  of  eledricity* 

Wood,  when  charred,  again  becomes  a  con*!- 
dttSor ;  but  the  charcoal,  when  powdered,  is  a  non^ 
condudor.  It  would  hence  appear  probable,  that 
«ome  change  in  the  arrangement  of  its  own  ccMi- 
Btituent  parts,  may  occasion  this  variation. !  Thus 
a  piece  of  sponge,  which,  in  its  cofnpressed^state, 
will  retain  a  very  small  quantity  of  water^  when 


*  This  has  been  fully  proved  by  huthijif,  P|ii|8XLEY; 

VOLTA^  and  I^AVQISIBR. 

'  •  ■  ■   .  "       .         .  •     •     •     • 

in 
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in  its  dilated  state,  will  absorb  a  considerable 
quantity  oi  that  fluid. 

What  this  peculiar  change  may  be  is  difficult 
to  conceive ;  but  when  eleftric  bodies  become 
partial  condudors,  it  seems  to  be  effe&ed  by  the 
agency  of  heat^ 

Glass,  which  is  a  non-conduftor,  when  rubbed 
becomes  a  conduftor ;  and  is  equally  so  when  its 
temperature  is  raised  to  400"*  of  Fahrenheit.  The 
conducing  power  from  attrition  appears  only  to 
remain  while  the  glass  is  immediately  under  the 
-rubbing  adlion .  It  has  but  a  momentary  existence ; 
and  the  powers  of  conducing  are  exhausted,  the 
instant  the  glass  is  disengaged  from  the  rubber, 
no  signs  of  eledlricity  being  evinced  unless  the 
latter  is  in  contadt  with  a  conducing  medium. 
How  far  this  change  in  the  glass  may  be  attri- 
buted to  an  alteration  in  temperature,  appears  to 
merit  the  attention  of  electricians.    Although  no 
very  sensible  warmth  is  induced  in  the  substance 
of  the  glass,  we  are  still  to  learn  in  what  manner 
its  merely  superficial  particles  have  been  influ- 
enced,   and  raised  to  a  very  high  temperature. 
The  quantum  of  eleclricity  thus  accumulated,  is 
always  in  the  compound  ratio  of  the  surfaces  and 
of  the  pressure. 

When  the  pressing  aflion  is  very  considerable, 
as  in  the  case  of  metallic  bodies,  great  quantities 
<?f  heat  are  extricated.    Thus  a  nail,  when  struck 

violently, 
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violently,  soon  exhibits  signs  of  considerable 
warmth ;  the  caloric  diffused  in  its  interstices  is 
exuded  on  the  surface  in  consequence  of  the  ap- 
proximation of  the  constituent  particles  of  the 
iron.  More  striking  effetSls  relative  to  the  disen- 
gagement of  heat  by  violent  pressure,  are  parti* 
cularized  in  the  ingenious  Essays  of  Count  Rum« 

FORD. 

Whether  the  caloric  diffused  in  the  inter- 
stices, or  combined  with  the  body,  is  giveo. 
out  by  pressure,  is  a  fa6l  difficult  to  deter- 
mine*.     Those  substances  which  are;non*coii- 

duf^kirsy 


<  V 


'  *  Dr.  Crawfoed  supposes  heat  to  be  never  in  snch  a  state 
<of  union  with  matter  as  ta  form  A  chemical  combination  ^  but 
that  it  is  merely  mechanically  diflfused,  the  particle  of  fire 
being  disseminated  through  the  interstices  of  n^atter,  and  not 
in  immediate  union  with  the  constituent  particles. 
'  .  It  is  extremely  difficult  to  draw  the  line  of  distindiOD  be« 
tv^een  mechanical  diffusion  and  chemical  union  j  the  difference 
between  the  highest  degree  of  diffusion  and  the  first  degree  of 
chetnical  combination,  is  too  minute  to  be  in  any  way  ascertain- 
able. In  the  more  simple  state  of  diffusion,  in  which  caloric  ap« 
pears  to  be  disseminated,  it  does  not  appear  to  exist  in  its  ele^ 
mentary  state,  uncombined  with\any  other  substance^  but 
to  be  combined  with  some  othet  body,  so  as  to  form  witli 
it  a  gaseous  principle^  the  basis  of  i^hichnoC  being  eble  to  per- 
meate the  substance,  the  caloric  is  evolved,  precisely  ia  the 
fame  manner  as  is  exhibited  by  the  condensation  of  au:.  . 
'  The  superincunobent  prenureoaftviid'partictes  kfk&kag'm 

. .  '■'  .;  them 

t  ■ 
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dii£lors,  and  consequently  capable,  from  ex^sv 
tion,  of  giving  out  signs  of  eledthcity^  do  not  aUr 
of  them  lose  their  power,  when  freed  from  tho 
rubbing  a(ftion.  Those  bodies  which  are  uiually 
termed  resinous,  continue  for  a  certain  ^ce  of 
time  in  their  conducting  state^  Until  they  are 
equalized  with  the  surrounding  air ;  and,  cdnti* 
nuing  in  a  disposition  to  abstradt  eledtricity  htm 
aiintmnding  bodies^  will  therefore  euince  negative 
aj^ns. 

rPositive  and  negative  eleilricitiea  are^ot  to  be 
vc^arded  as  two  distiniSl  principles ;  hut  mendy 
aarrelative  oroDortions.  of  the  same  nrinciDle. 


tbcfn  9  change,  such  as  the  cvdutioii  of  a  principkr  upoQar  to 
the  combined  caloric,  may  be  ounsidered  as  the  reason  why 
fiaids  si€t  with  a  force  proportionate  to  the  area  of  their  base^ 
multiplied  by  their  perpendicular  height. 

Supposing  a  columnar  series  of  a  thousand  particles  of  wa* 
tcr.  If  we  conceive  that  the  particle  of  water  in  the  middle 
of  the  column,  necessarily  compressed,  by  a  force  equa]  to 
about  500  particles  of  water,  from  the  superincumbent  pressure 
gives  out  a  certain  portion  of  caloric,  the  particle  at  the  bot- 
tom of  the  column,  pressed  upon  by  a  double  force,  will  give 
out  a  doable  quantity.  As  adiun  and  re-adion  are  equal,  the 
re*adion  of  the  bottom  drop  will  be  exadlly  equal  to  the  super* 
incumbent  pressure}  and  it  will  necessarily  follow,  thai  all 
the  particles  lying  in  the  same  line  will  be  eqvwlly  a^ed  upon 
and  equally  re-a6t.  In  the  finest  dust  or  powder,  no  change 
can  be  induced  in  tlie  constituent  panicles  by  pressure^ 
therefore  these  particles  only  a6t  with  a  force  equal  to  their  ab« 
fdute  gravity. 

Glass  J 
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Glass,  and  all  vitreous  substances,  when  ex- 
cited, give  out  positive  signs  of  eledlricity.  Du 
Faye  and  the  Abbe  Nollbt  haying  observed  that 
ground  glass  gives  out  negative  signs,  subsequent 
writers  have  transcribed  this  error  merely  upon 
their  authority. 

Sealing-wax,  resinous  bodies,  and  such  of  the 
eledtrics  as  are  capable  of  combustion,  give  out, 
on  excitation,  jaegative  signs, 

']f  hese  bodies,  when  excited,  become  not  only 
cpndudlors  at  the  moment  of  excitements  but 
also  retain  the  power  a  certain  time  afterwards, 
insomuch,  that  from  every  substance  with  which 
they  can  come  into  contadl:,  of  a  condudling  na- 
ture, or  containing  electricity,  they  will  ^tradfc 
the  fluid  until  they  become  in  a  state  of  equali- 
ipation.  It  is  for  this  reason  that  excited  sealing- 
wax  is  in  a  state  reverse  to  glass.  The  latter  gives 
out  the  fluid,  but  the  sealing-wax  continues  to 
abstra-ft.  Hence,  when  they  aft  together,  the 
g^alingrwax  readily  admitting  what  the  glass  is 
giving  out,  they  countera(ft  each  oth«r. 
.  When  equal  portions  of  sealing-wax  and  glass, 
equally  rubbed,  be  placed  both  together  upon  an 
eledlroscope,  no  disturbance  of  the  pith-balb  or 
^old-leaf  ensues. 

.  It  might  he  a  subjeft  of  useful  inquiry,  whether 
thtft  powi^r  of  retention  in  resinous  bodies  be  in 
wy  way  dependent  on  the  stat€  requisite  fox; 
CQm];)ustibility. 
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Different  capacities  of  substances  to  contain  the 
eleSlric  fiuid^ — Caloric  one  of  ike  component 
parts  of  all  bodies-^Change  induced  in  particu^ 
lar  substances  bi/  attrition — Influence  of  the 
weather  and  seasons  on  the  result  of  eleSlrical 
experiments — EffeB  of  mercurial  amalgams  ex-- 
plained. 


AT  present  we  arc  unacquainted  mth  any 
substance  which  does  not  contain  some  portion 
of  electricity  ;  and  in  general  we  find^  that  when 
anj^  change  is  induced  in  a  body,  so  as  to  increase 
its  capacity  for  heat,  its  condufling  powers  are 
proportioiiably  augmented. 

When  no  signs  of  electricity  are  apparent,  it  is 
because  all  the  substances  contain  precisely  such 
a  quantity  of  the  fluid  as  is  proportionate  to  their 
capacities. 

It  is  well  known,  that  equal  bulks  of  ice  and 
water,  each  of  them  at  the  temperature  of  32, 
possess,  notwithstanding,  different  capacities  for 
caloric,  different  quantities  of  which  they  con- 
tain.    Yet,  if  these  two  bodies  be  placed  in  con- 
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taA,  no  changes  will  be  induced,  because  they 
are  in  a  state  of  equalization,  in  proportion 
to  their  capacities.  If  the  temperature  of  the 
wiater  should  be  increased  to  42',  viz.  ten  de- 
grees above  the  freezing  point,  and  consequently 
so  much  greater  than  the  temperature  of  the 
ice,  the  caloric  in  that  part  of  the  water  in  con- 
tadl  with  the  ice,  meeting  in  this  substance  with 
less  resistance,  will  be  pressed  forwards,  and  enter 
into  union  with  the  ice*. 

Thus,  although  ten  cubic  inches  of  a  metallic 
substance  contain  considerably  more  eledricity 
than  the  same  bulk  of  water,  or  of  air,  yet,  while 
in  conta6l  with  these  substances,  no  disturbance 
as  to  this  principle  will  take  place,  because  their 
capacities  are  proportionate  to  their  quantities- 
But  ff  either  of  them  should  undergo  any  change, 
50  as  to  influence  its  capacity,  then  a  disturbance 
will  take  place.  If,  for  instance,  the  water  or  the 
air  should  be  expanded  by  caloric,  its  Capacity 
ibr  electricity  will  be  increased,  and  the  eleftri- 
city  inherent  in  the  metal,  meeting  with  less 
resistance  in  that  dire<5lion  than  any  other,  will 


*  Si  par  exemple^  on  prend  une  masse  de  glace^  a  la 
temperature  32^  de  ce  thermomdtre,  et  qu*on  la  m61e  a  une 
masse  dgale  d'eau  a  170^»  lorsque  la  glace  sera  fondae^  on 
aur^  la  masse  totale  en  eau  d  32^.    De  Luc. 

conse- 
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consequently  quit  its  residence  in  the  metallic 
bofly. 

When  it  is  said  that  one  body  abstracts  elec- 
tricity from  anotlier,  it  is  not  to  be  understood 
that  this  is  effefled  by  cny  peculiar  power  in  the 
body  receiving  it.  On  the  other  hand,  it  is  to  be 
explained  by  the  common  principle  of  all  bodies 
moving  in  the  direiSti  hich  they  meet  with 

the  least  resistance. 

Thus  air,  which  is  Tiinated  through  wateiv 

becomes  so  by  the  general  pressing  force.  When 
rt-atcr,  freed  from  air,  is  exposed  to  the  atmo- 
sphere, it  is  pressed  upon  by  the  aerial  mase, 
and,  in  consequence  of  this  pressure,  a  certain 
quantity  of  air  is  forced  in,  and  is  merely  reu^H 
tained  there  by  the  resistance  of  the  surroundii^jj^B 
auv  If  th«  density  of  the  surrounding  a»  be  iaip 
erasse4,  more  air  will  be  forced  into  the  wMtm. 
As  die  surrounding  air  i&  diminished,  it  will  :b*- 
Cotae  diminished  in  its  density,  and  the  aiv  pF»- 
viously  forced  into  the  water  will  now  pasG  ou^ 
"until  the  quantity  in  the  water  is  exA&ly  coun<- 
teraSed  by.  the  pressure  without.  When  water 
is  placed  in  an  exhausted  receiver,  air  escapes, 
because  the  pressing  force  which  kept  the  ak 
in  the  water  is  now  removed. 

R  is  the  same  with  caloric,  of  which  an  bddiA 

contain  a  certain  quantity,  arid  this  quantity  rS 

regulated 
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r^ulated  by  the  combined  circumstances  of  the 
disposition  to  receive  it^  and  the  pressing  force* 
ITiis  may  be  illustrated  by  the  example  of  sul- 
phuric acid  and  water :  supposing  equal  bulks  of 
these  fluids,  each  of  them  will  contain  a  greater 
quantity  of  caloric  than  the  same  bulk  of  air. 
The  air  admitting  of  a  certain  quantity  only,  its 
jesistance  to  the  admission  of  more,  is  a  precise 
counterbalance  to  the  water-  When  the  water 
and  the  acid  are  mixed  together,  the  disposition 
to  retain  caloric  becomes  diminished  ;  and  al- 
though, prior  to  the  admixture,  they  were  in  a 
balance  with  air,  yet  afterwards,  by  this  change 
Qf  disposition,  caloric  will  be  evolved,  until  a 
:balance  is  again  restored. 

These  are  the  necessary  circumstances  arising 
from  a  general  plenum,  all  these  phenomena  being 
merely  dependent  upon  a  change  of  place*. 

Thus 


*  If  the  idea  of  a  vacuum  should  be  entertained,  what  diffi* 
culties  would  attend  the  explanation  of  the  apparent  exhaustion 
of  a  pneumatic  receiver.  Let  us  suppose  that  in  a  receiver  con- 
taining ten  cubic  inches  of  air,  the  capacity  of  the  exhausting 
syringe  be  equal  to  10 :  upon  the  first  exhaustion  it  must  ap- 
pear evident  that  the  air  under  the  receiver  will  only  be  of  one 
half  of  Its  original  density  j  and  as  the  quantities  taken  away 
at  any  number  of  successive  terms,  will  form  a  geometric  scries, 
consequently  the  whole  can  never  be  exhausted.  We  might 
thus  express  it  by  symbols :  Let  a  be  the  capacity  of  the  sy* 

VOL.  II.  a  ringe, 
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Ttnas  a  ball  of  glass,  or  of  any  metallic  sab- 
stancc,  may  be  in  conta<ft,  without  any  disturb- 
ance. 


ringe,  b  that  of  Uie  receiver:  after  every  esliaustion,  the  qoan- 
(ily  of  air  exlraQed  is  to  itie  qn^niily  before,  as  a  is  to  a-\-i. 

No  one  can  be  led  to  suppose,  iliat  after  the  first  esTiausfion, 
flic  remaining  five  cubic  inches  of  air  in  the  lecej/er  willoc- 
tapy  apart  only  of  its  capacity,  anil  retain  thur  Driginaldensily. 
Od  tbe  conltary,  We  well  knew  irara  the  barometricat  gauge, 
(bat  h  tfaia  stale  tlie  air  is  only  adequate  to  the  support  of  half  ilie 
mercurial  cohmin  it  before  supported  :  if  we  suppose  tbe  rare- 
lied  air  lo  occupy  the  whole  space  of  the  receiver,  by  virtue  of 
some  expansive  power,  some  energhijig  principle  cf  etastmly. 
tow  loosely  formed  must  wc  deem  the  constituent  particles  of 
air,  to  suppose  in  them  a  capability  of  being  so  easily  expanded 
and  contraftcd  into  spaces  so  greatly  different, 

NbWton;  ollkoB^h  oB^dvotBle  for  Dm  ftbriHuse  dednof^  &■§ 
thus  obaerved  :  "  Causas  rerum  xaluraiittm  rum  plura  admili 
dehert,  quamqiue  (if  vera  aim  el  earum  pkettomtttis  expiiamSs 
tufficiunl."  To  support  sucb  a  theory  after  tbe  manuer  of  a 
BoTi^c  «r  « -N^w^etf)  what  sBinfieiteauaiber  of  gmu«  moil 
we  inppoae,  what  a  complicated  system  most  wc  fiHiOi  ■ocoo- 
trary  to  tbe  simplicity  Nalure  herself  adopts ! 

In  CTC17  operadm  of  Nature,  there  is  nxne  allentSm  is 
bulk  in  tbe  matter  concerned.  To  suppose  the  augnocntstiott 
or  diminution  efiedcd  by  such  a  change  in  tbe  coDstitu^t  par- 
ticles, would  be  an  hypothesis  involving  more  A&culttet  lliU 
those  attendant  on  the  occult  qualities  of  the  ArislotcJiaD  j^ilO* 
sophy. 

Let  VA  consider  the  atmosf^re,  formed  c^  aerial  pahi&^ 

_<£  celotic,  ete£tricity,  magnetism,  light,   and  other  extra' 

jweui  mattcTj  catnallj  difiusei)  throi^b  the  ur,  ai  beit%  ni^ 

ntsdljr 


OF   ELECTRICITY.  227 

ance^  as  to  the  eleftricity,  taking  place.  The 
glass^  from  some  arrangement  in  its  constituent 

partSj 

I  ■        ■   —  -         -     -  — ■ -^  . ■  ■ .      ... 

versally  fiil]^  and  upon  this  principle  reflet  on  the'  nature  of  a 
pneumatic  exhaustion. 

As  air  cannot  permeate  a  glass  receiver^  this  ^uid  may  be 
drawn  out.  In  such  a  case  every  exhaustion  of  air  from  within^ 
when  thrown  into  the  general  atmospheric  mass^  must  neces« 
sarily  occupy  a  certain  space;  and,  as  we  have  supposed  a 
plenum  without,  unless  an  adequate  bulk  of  matter  enters  into 
the  receiver,  the  resistance  to  exhaustion  will  combat  every 
possible  effort. 

The  matter  which  enters  into  the  receiver  must  be  somethiiig 
more  minute  than  air,  as  it  must  pass  into  it  through  audi 
dBoedia  as  preclude  the  admission  of  air;  It  is  well  known  that 
caloric,  eledricity,  magnetism,  and  light,  vnll  penetrate  sob* 
stances  impermeable  to  air.  If  therefore  an  adequate  bulk  of 
any  of  these,  enters  into  the  receiver,  an  equal  space  is  left  for 
the  air  thrown  into  the  general  mass. 

In  pneumatic  exhaustions,  the  thermomctrical  experiment  d©- 
ttionstrates  that  caloric  enters  into  the  receiver,  which  is  aa 
•full  after  the  air  is  witlidrawn  as  before,  because,  in  lieu  of  air» 
the  same  bulk  of  caloric,  &c.  passes  in.  The  caloric  within- 
side  the  receiver  being  by  no  means  a  counterafting  pressure 
to  the  air  without,  like  water  diffused  in  the  vascular  ramifica- 
tions of  sponge,  passes  through  on  the  slightest  pressure  in 
every  diredion. 

As  the  receiver  is  surrounded  by  a  fluid  which  cannot  enter 
in^  it  wiU  be  adied  upofa  m  prc$>ortion  to  its  extent  of  surface. 

Hence  may  be  easily  deduced  that  any  portion  of  air,  how« 
ever  small,  if  of  equal  density  with  the  surrounding  air,  will  be 
«qual  to  the  atmospheric  pressure.    Therefore  the  elasticity  of 

a  2  air 
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parts,  resists  the  aymission  of  any  of  this  prirr* 
ciple.  Whef>5  by  attrition,  a  change  is  itiduced 
•On  its  surface,  the  resistance  to  the  admission  of 
eleSxicIty  bjeopmes  diminished,  and  will  then  re- 
ceive some,  from  the  surrounding  air  or  the  me- 
tallic  substance,  or  any  condudlor  of  eledlricity 
:to  which  it  may  be  exposed.  From  the  sur- 
rounding air  it  would  receive  so  comparatively 
small  a  quantity,  as  not  to  evince  any  ele6lrical 
%igns,  if  the  attrition  should  take  place  without 
the  connexion  of  a  conducing  body. 

When  the  fridion  of  an  insulated  rubber  is 
applied  to  a  piece  of  glass,  unless  a  portion  of 
ithe  rubber  is  a  conduflor,  no  signs  of  eledricity 
-will  be  manifested.  This  change  induced  upon 
"the  surface  of  glass,  extends  to  so  small  a  depth, 
perhaps  not  the  tcVo  p^^'t  of  an  inch,  that,  im- 
mediately on  the  rubber  being  removed,  the 
eledricity  it  received  while  under  the  rubbing 
action,  is  given  out  to  the  surrounding  air,  which 
being  also  an  imperfedl  eondu6lor,  the  ele6lricity 
is  not  instantaneously  communicated,  but  hovers 


'air  is  equal  to  Ui<?  pressure,  which-  is  in  the  compound  ratio  of 
the  quantum  of  caloric  and  acrinl  particles. 

The  moment  a  previously  exhausted  receiver  is  exposed  to 
the  atmosphere^  the  air  rushes  in  with  a  violence  in  propor- 
tion to  the  surrounding  pressure,  and,  meeting  in  the  point  of 
communication  with  a  less  resistance,  moves  forwards  with  a 
vdocit/  adequate  to  the  pressure  in  every  other  part. 

over 
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Ksvev  the  surface  of  the  glass,  till  it  is  ultimately 
removed  by  successive  portions' of  air. 

When  a  plate  of  glass  is  excited  by  a  rubber; 
on  one  side,  pith-balls  are  no  ways  agitated  by 
being  applied,  to. a  part  of  the  glass  diredlly  oppo- 
site to  the  rubber.  The  moment  this  part  is  disen- 
gaged  from  the  rubber,  then  the  diredly  opposite 
portion  will  disturb  the  pith-balls,  by  the  state  of 
eledlricity  which  is  necessarily  reverse  to  itself. . 

On  this  principle  we  may  easily  explain  the 
reason  why  a  small  cylinder  or  plate,  with  its 
proper  sized  rubber,  will  not  produce  the  same 
quantity  of  ele6lricity  as  a  proper  sized  rubber 
on  a  larger  cylinder  or  plate,  although  it  be  so 
revolved  as  that  equal  surfaces  shall  be  nibbed  in 
equal  times-  Let  us  suppose  the  rubbed  surface 
pf  the  smaller  cylinder  or  plate  to  be  thirty 
inches,  and  that  of  the  larger  sixty  inches.  Now, 
in  order  that  the  surfaces  rubbed  in  equal  times 
may  be  equal,  there  must  be  twp  revolutions  of 
the  smaller  to  one  of  the  larger  ;  and  thus  every 
inch  of  one  machine  will  be  rubbed  twice  to  every 
inch  of  the  other.  Consequently,  the  same  time 
will  not  be  allowed  to  every  distinft  portion  of 
the  rubbed  surface  to  be  restored  to  the  state 
required  to  admit  of  the  greatest  degree  of  ex- 
citement. ^ 
If  the  change  be  dependent  on  temperature, 
%vheQ  the  surface  of  the  glass  is  small,  every  part 

Q  3  passes 
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passes  so  quickly  under  the  rubber,  that  the  dif- 
ference between  the  temperature  under  the  rub- 
ber and  the  other  parts  of  the  glass  becomes  less, 
and  hence  less  quantities  of  eledlricity  are  pro- 
duced than  when  there  is  a  larger  surface. 

It  is  owing  to  this,  that  in  dry  frosty  weather, 
cleftrical  machines  are  the  most  powerfully  ex- 
cited :  the  quicker  the  glass,  after  passing  under 
the  rubber,  recovers  its  original  non-condu6ling 
state,  the  more  perfeSly  it  gives  out  the  ele6hi- 
city  it  receives  in  the  instant  of  rubbing; 

In  dry  warm  weather,  the  temperature  of  the 
glass  becoming  greater  than  in  winter,  will  not 
allow  of  equal  changes. 

Glass,  when  rubbed,  should  undergo  equal 
ad  ions  in  every  part :  it  is  therefore  necessary 
that  it  should  be  in  as  homogeneous  a  state  as 
possible.  Those  cylinders  are  tlie  best,  which 
are  formed  of  the  metal  in  the  middle  of  the 
glass-pit,  which  is  more  completely  fused  :  at 
the  glass-houses  they  generally  contrive  to  have 
a  sufficient  quantity  in  the  pit  for  the  week's 
consumption.  In  such  a  case,  a  cylinder  blown 
in  the  middle  of  the  week,  has  frequently  been 
found  superior  to  one  blown  at  the  commence- 
ment or  at  the  end  of  the  week. 

The  perfedlion  of  the  annealing  or  subse- 
quent baking  process,  does  not  so  much  influence 
the  quality  of  the  cylinder  as  the  above.     The 

latter 
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I^itter  process  bringing  the  constituent  particles 
of  glass  ^i>to  a  nearer  state  of  approximation^  \t 
is  rendered  less  liable  to  be  broken  by  any  tremu^ 
loH^  or  vibrating  i^otipn. 

GlasSj  \w  its  niost  perfed  fion-condu6ling  state, 
fLpp^FS  to  contain  q.  small  portion  of  eledricity, 
ffqpx  bei^g  inferior  in  its  noq-condud^ng  powe;^ 
to  Venetian  talc.  According  to  the  forgoing 
principles,  it  must  possess  some  electricity. 

The  advantages  derived  from  the  excitation  of 
glas$  by  mercurial  amalgams  appear  to  be  two- 
fold* The  cushion  and  gUss  are  not  only  in  more 
perfect  conta6l,  but  a  metallic  substance  being 
brought  in  immediate  contad  with  the  rubbed 
part,  renders  the  pressing  force  greater,  and  al- 
lows of  a  ready  transmission  of  eledricity  to  the 

glass*. 

We 


*  After  vark)U5  trials  of  different  amalgams,  I  have  found  the 
.following  preparation  to  be  the  best:  Three  ouncps  of  zinc,  two 
otmces  of  tin,  apd  one  pound  and  a  half  of  nr^ercury  5  the  zipc 
«nd  tin  should  be  mdted  and  poured  upon  the  niercury, 
placed  either  in  a  naortar  or  in  a  thick  wopden  box  wdl  chalked 
within  side^  to  prevent  it  being  burned  by  the  fu€ed  naeta)|ij,4i^d 
then  well  agitated.  In  this  state  the  amalgam  should  be  pre- 
served 5  and  only  so  much  occasionally  prepared  with  hcg's 
lard  as  may  be  required  for  use.  When  it  is  to  be  applied  to 
the  rubber,  it  should  be  finely  powdered,  and  sifted  through  a 
piece  of  fine  muslin^  otherwise  the  glass  will  be  scratched. 
Hqw  take  a  quantity  of  hog*s  lard  which  has  been  boiled  at 

a4  least 
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We  are  in  possession  of  no  metal  beside  mer- 
cury, which  can  be  so  arranged  as  to  be  applied 
to  the  cushion.  Having  applied  to  a  cushion 
a  series  of  silver  leaves,  I  could  in  no  way  pro- 
cure an  excitation  similar  to  that  produced  by  the 
amalgam  ;  the  other  metals  employed  are  of  no 
other  service,  than  as  they  assist  the  reduction  of 
the  mercury,  and  consequently,  the  greater  tlie 
proportion  of  mercury  in  the  amalgam  the  bet- 
ter. The  black  dust  which  appears  upon  a 
cushion  after  having  been  used  for  some  time, 
is  the  oxyde  of  mercury,  similar  to  the  one  pro- 
duced by  simple  agitation  or  trituration :  the 
cushion  should  always  be  well  cleaned  before  a 

:ond  application  of  amalgam  is  made. 


IcBstfaalf  anhoar,  in  order  to  throw  off  any  water  it  may  con* 

-    tain,  and  mix  the  smallest  proportion  possible  of  this  'with  the 

'powdered  amalgam,  so  as  to  enable  it  to  be  spiead  upon- the 

cashion.     By  these  means  an  excellent  amalgam  is  procared, 

"which  -will  require  a  considerable  time  before  it  will  become 
■ciydatcd.     When  this  happens,  black  spots  will  l>e  perceived 

O^'tbe  glass ;  and  in  such  a  case  the  cushion  sbonU  be  well 
'^£teined  before  any  fresh  amalgam  is  applied.  If  it  should  be 
,'craelessly  applied  over  the  old  amalgam,  the  frrah  app]tc»> 

■tion  will  soon  be  dcstn^ed. 


(  T233  ) 


CHAP.  XX. 

7%e  effeSts  of  eleBricity  on  air — Principles  of 
ele&roscopes  and  eleSlrometers  explained. 


'  AiR,  when  very  dry,  and  its  sensible  heat 
very  low,  becomes  a  good  non-condu(^or.  It  is 
not,  however,  to  be  deemed  destitute  of  ele<5lri- 
cal  matter  *  in  this  state,  which  merely  bestows 

oa 


*  Air,  when  Condensed  in  an  insulated  ball,  gives  out  elecr 
tricjty.  in  the  first  operation,  and  afterwards  caloric ;  air,  when 
condensed,  as  soon  as  disengaged,  abstrads  elediicity  from 
surrounding  bodies.  In  an,  air-gun  well  charged,  if  a  portion 
.of  air  be  discharged  in  a  dark  room,  the  light  disengaged  by  the 
sudden  abstra6lion  of  ele6tricity,  renders  it  Inrainous. 

Air,  in  expanding,  abstra6ts  eledlricity  from  surrounding 
bodieSj  and  consequently  the  sides  of  mountains,  in  giving  out 
eledricity  to  the  surrounding  air,  evince  positive  signs  j  thus 
SAtJSSEUR  observed,  that  the  higher  he  ascended,  the  greater 
were  the  signs  of  electricity  he  discovered.  As  ascending  air 
abstracts  heat  from  the  mountains,  the  higher  we  ascend  the 
colder  we  experience  the  air  to  be.  The  caloric  being  given  out 
to  the  portion  of  air  which  is  in  adtual  contad,  this  must  occa*- 
sion  a  small  current,  ascending  upwards  in  the  diredlion  of  the 
mountain.  To  this  cause  was  owing  the  deflexion  pf  the  plumlv 
line  Dr.MASKELEYNE  experienced  at  the  mountain  SqbealUetv 

in 
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on  it  a  maximum  of  resistance,  to  the  admission 
of  a  greater  quantity  of  the  fluid.  When  lur 
becomes  warm,  or  holds  in  solution  any  quantity 
of  water,  it  is  then  a  condudlor  ;  and  its  capa- 
dty  for  elei^idty  increases  in  proportion  to  the 
addition '  of  moisture  and  warmth.  Thu^,  in 
very  wet  weather,  it  is  difficult  to  perform  elec- 
trical experiments,  there  being  under  these  cir- 
cumstances very  little  resistance  to  the  e^naliza- 
tion  of  the  ete<5trical  fluid,  insomuch,  that  any 
accumulation  is  prevented. 

When  the  air  is  dry,  the  reustance  to  the 
eletftric  fluid  is  in  proportion  to  its  density;  As 
atflion  and  re-adlion  are  equal,  so  the  eleiSrical 
fluid  aids  equally  on  the  air,  and  is  generally  ac- 
cumulated to  such  a  degree  as  to  be  equal  to  the 
resistance  of  the  latter.  When  it  exceeds  this 
point,  the  resistance  is  overcome,  and  the  equali- 
zation restored  :  thus  air,  when  condensed,  while 
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rarefied,  its  resistance  is  not  so  powerful,  ^d  is 
overcome  by  a  smaller  quantity. 

A  glas«;jar  of  l6o  square  inches  of  coated  sur- 
face was  found,  when  charged  in  the  open  air,  ca- 
pable of  fusing  one  inch  and  an  half  of  lead  vAra 
about  T^  of  an  inch  thick.  When  it  was  placed 
under  the  condensing  apparatus,  it  became  capable 
of  fusing  a  greater  quantity,  in  proportion  to  the 
increase  of  aerial  pressure.  When  a  jar  is  placed 
under  an  exhausted  receiver,  the  charge  is  dimi- 
nished in  proportion  to  the  exhaustion. 

Were  air  a  condu6tor,  no  eledlrical  experi- 
ments could  be  performed,  since  there  could  not 
be  any  accumulation  in  the  one  part,  nor  defi- 
ciency in  the  other.  We  should  thus  be  deprived 
of  all  the  advantages  we  derive  from  atmospheri- 
cal eledlricity.  This  principle  would  not  in  that 
case  have  entered  into  combination  with  water, 
when  converted  by  the  solar  rays  into  vapour ; 
and  the  aqueous  fluid,  after  having  passed  through 
its  aerial  circulation,  would  no  longer  have  been 
precipitated  in  the  portions  which  are  so  con- 
ducive to  vegetation.  There  would  have  been  a 
dull  uniformity  in  the  atmospheric  regions  ;  and 
Nature  would  thus  have  been  deprived  of  one  of 
her  most  energizing  agents.  On  the  contrary, 
we  now  see  that,  by  this  wise  provision,  a6lion 
cannot  take  place,  without  unfolding  a  portion 
of  this  enlivening  principle.    The  evaporation  of 

a  drop 
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a  drop  of  water,  as  well  as  the  concourse  of 
floating  fields  of  vapour,  elicit  in  their  disturb- 
ance more  or  less  eledlricity.  To  this  showers 
owe  their  genial  power,  when  they  descend  to 
the  surface  of  the  earth,  and  fall  on  plants  which 
contain  different  proportions  of  eledlricity,  the 
equalization  producing  the  adtion  which  stimu- 
lates and  excites  vegetable  life. 

On  the  foregoing  principle,  I  shall  proceed  to 
an  explanation  of 

* 

ELECTROSCOPES    AND    ELECTROMETERS. 
* 

Eledlroscopes  are  instruments  constructed  of 
delicate  materials,  so  as  to  be  influ«iced  by  very 
small  portions  of  eledricity;  for  instance,  of  fine 
flaxen  or  silver  threads,  with  or  without  pith-balls, 
or  slips  of  gold  leaf,  as  they  were  first  contrived 
by  Bennet.  They  have  been  improperly  termed 
eledlromcters,  but  are  in  no  respecSl  calculated  to 
measure  the  intensity  of  ele6lricity.  They  merely 
shew,  by  their  disturbance,  the  presence  of  small 
portions  of  ele6tricity,  as  is  indeed  implied  by  the 
word  ele6lroscope.  For  the  adoption  of  this 
word,  we  are,  I  think,i^ndebted  to  the  very  inge  •« 
nious  Beccakia. 

Electrometers  are  instruments  which  in  some 
degree  indicate  the  intensity  of  eleClricity,  by 
measuring  the  striking  distance  through  a  plate 

of 
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t)f  air.  They  are  therefore  only  employed  in  very 
sensible  accumulations  of  eledlricity.  The  elec- 
trometers of  Lane^  Brookes,  and  Cuthbertson^ 
are  of  this  kind. 

It  is  well  known  to  ele6tricians,  that  an  excited 
glass  tube,  or  a  stick  of  sealiiig-wax,  applied  ne^r 
suspended  pith -balls,  will  make  them  diverge- 
When  they  are  rendered  diverging  by  the  excited 
glass  tube,  on  the  application  of  an  excited  resi- 
nous body,  the  separation  between  the  balls  will 
be  destroyed,  and  they  will  be  brought  into  the 
state  they  were  in  before  they  were  disturbed. 
If  both  the  excited  bodies  be  applied  to  the  pith- 
balls  at  one  and  the  same  time,  no  sensible  ac- 
tion will  be  induced.  Their  states  being  differ- 
ent, they  counteraft  each  other.  Du  Faye,  who 
first  observed  this,  supposed  there  were  two  dif- 
ferent kinds  of  eleflricity,  contrary  to  each  other : 
the  one  he  termed  vitreous,  and  the  other  resi- 
nous. As  these  states  appeared  to  Dr.  Franklin 
to  be  entirely  owing  to  the  bodies  having  more 
or  less  '  than  their  natural  quantity  of  electric 
fluid,  he  changed  the  terms,  as  before  observed, 
to  positive  and  negative. 

The  separation  of  the  pith-balls,  either  from 
positive  or  negative  eledricity,  is  occasioned  by 
the  re-a6lion  of  the  portion  of  air  between  the 
balls,  being  greater  than  the  one  which  is  pro- 
duced 
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^uCied  by  any  portion  of  air  surrounding  tb.e  balls 
in  any  other  diredlion. 

The  a6lion  and  re-a6lion^  of  air  and  eledlricitjr 
are  evident  in  a  variety  of  instances.  Thus,  in 
the  experiment  of  the  eledrical  j3y,  the  elec- 
tricity pouring  forth  from  the  points,  in  order 
to  equalize  itself,  meets  with  a  resistance  in  the 
surrounding  air ;  and  the  air,  re-a6ling  on  the 
eleilricity,  produces  the  retrograde  motion  of  the 
fly.  When  the  fly  is  placed  in  an  exhausted  re- 
ceiver, no  such  motion  is  induced. 

If  the  rods  of  the  universal  discharger  be  ar- 
ranged  wi£h  a  jar  while  it  is  charged,  and  if, 
between  these  rods,  a  lighted  taper  be  placed, 
the  current  of  eledlricity  flows  from  the  positive 
to  the  negative,  an<l  in  that  direction  the  flame 
is  blown. 

If  a  candle  be  held  to  a  ball  of  a  conductor, 
positively  charged,  it  will  not  be  sensibly  warm- 
ed ;  but  if  it  be  applied  in  a  similar  way  to  a  ne- 
gative ball,  it  will  be  considerably  heated*. 

If  a  light,  suspended,  elastic  body,  for  instance, 
a  glass  bubble,  b  {vide Fig.  l^Platelll.)  be  placed 
near  an  excited  condu6lor  M,  although  the  light 
body  be  an  eledlric,  yet  it  will  be  thrown  into 


*  This  experiment  was  communicated  to  me  by  the  inge- 
nious Mr.  CUTHBEKTSON. 

motion 
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kiotion  by  the  l-e-ia6lion  of  the  siirrounning  air, 
wkA  iconsec^utotly  impelled  towards  the  conductor 
M.  It  is  ^t  first  observed  to  move  in  the  nearest 
iteref^tioti,  suppose/;  and  as,  in  consequence  of  its 
j)iding  a  paidulous  body,  it  cannot  strike  upon  a 
sphere  in  a  perpendicular  diredlion,  it  will  there- 
fcfl'e  be  reftedted  in  an  angle  equal  to  the  incident 
«hgle^   and  will  necessarily  describe  a  series  of 

When  an  excited  glass  tube  is  applied  to  an 
l^ej6h*osC0pe,  (vide  Fig.  2,  P/a^ellL),  the  pith-balls 
Xi^ll  lie  influenced,  and  will  participate  of  the 
^sitiVe  $tate.  In  their  quiescent  state,  they 
"Wlsr^  in  a  pi'ecise  balance  with  the .  surrounding 
4ir';  htn,  in  consequence  of  this  increase,  they 
%B^l  give  o\rt  the  cle<9Tic  fluid  to  the  surrounding 
«r,  tftitil  an  Equalization  is  restored.  When  the 
*afif  ii  vety  dry,  the  communication  is,  on  account 
^  its  resistance,  so  slow,  that  the  pith-balls  will 
Cotitintie  a  long  time  separated. 

The  pith-balls,  when  in  a  state  of  surcharge  as 
to  the  surrounding  air,  will  give  it  out  in  every 
direSioYi,  the  air  radiating  in  every  diredioa 
bround  the  balls. 

Let  a,  by  (Fig.  2jy  represent  the  two  pith-balls, 
•wd  the  dotted  lines  the  radiating  diredlion  of 
the  eIe<Stricity  passing  Irom  the  balls  to  the  sur- 
"WUttding  air.  Let  e  f  represent  the  portion  dr 
plate  of  aiir  between  the  two  balls.    From  what 

has 
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has  been  previously  remarked,  the  re-a£l:ion  of 
air  to  cledlricity  has  been  manifested;  and  the 
portion  of  air  between  the  two  halls  must  in  this 
case  remain  stationary,  from  being  a6led  upon 
by  equal  portions  of  elettricity  on  the  opposing 
sides. 

Supposing  the  eleSricity  which  emanates  from 
a  pith -ball  to  a.&  upon  the  plate  of  air  ef,  or  o  p, 
with  a  force  equal  to  -i,  as  a£tion  and  re-afliou 
are  equal,  this  will  be  a  measure  of  the  re-a£tion 
of  the  air,  therefore  the  sums  of  the  re-a£tion  of 
the  piates  of  air  ?■  t,  o  p,  will  be  expressed  by 
4+4  ;  the  re-adion  of  the  plate  of  air  e  f  with 
respeft  to  the  ball  b,  will  be  4+4  viz.  its  re-ac- 
tion, and  the  force  with  which  it  is  impelled  by  a. 
It  will  be  the  same  with  respe£t  to  the  ball  a,  which 
will  be  re-a6ied  upon  by  a  force  equal  to  4 +4;  the 
exterior  resistance  to  the  two  balk  will  be  equal 
to  8,  while  the  resistance  from  the  plate  betweea 
will  be  equal  to  l6,  as  the  balls  will  neces^rily 
;iDOve  in  the  direction  in  which  they  meet  with 
the  least  resistance,  they  will  diverge*. 

*  The  result  will  be  the  same,  if  we  suppose  that  tbc  contraiy 
aflions  a  b,  on  the  plate  of  air  c  f,  destroy  each  other.  TBe 
rc-af)ion  will  then  be  equal  to  8.  But  the  re-aflions  of  the 
plales  of  air  o  p,T  I,  will  be  each  couuterafted  by  the  cle£ti)> 
aXy  from  the  balls,. and  therefore  the  balls  will  diverge  vith  « 
.ppwer  in  proportion  to  the  intensity  of  the  eleflricity.  Op  thii 
■  account  Beccaria  proposed  the  contrivfiDce  In  question,  at  an 
accurate  measure  of  small  portions  of  elefli  icity. 

When 
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When  an  excited  resinous  body  is  applied,  it 
is,  with  respeift  to  its  eledlricity,  in  a  state  of  de- 
ficiency, and  consequently  the  elefftricity,  in  con- 
du6iiiig  bodies  with  which  it  is  in  conta6l,  will 
-flow  towards  it  in  order  to  equalize  itself.  The 
pith-balls  communicating  with  the  resinous  body, 
.  will  lose  a  portion  of  their  natural  quantity  of 
eleftricity,  and  consequently  will  be  in  a  negative 
state. 

In  this  case  the  pith-^balls  possess  a  less  portion 
of  ele6lricity  than  is  necessary  to  balance  the 
eleftricity  of  the  surrounding  air.  In  the  equali- 
zation, ele6lricity  will  pass  from  the  surrounding 
air,  in  converging  streams  towards  the  balls,  so 
that  the  dotted  lines  in  Fig.  2,  will  express  the 
dire^lion  in  this  case  as  well  as  in  the  former. 

In  this  case,  the  re-ad  ion  must  be  precisely 
the  same  as  before ;  and,  whether  electricity 
passes  from  the  balls  or  towards  the  balls,  the 
resistance  will  be  exactly  the  same.  Whatever 
may  be  its  tendency  to  pass  from  the.  air  to  the 
pith-balls,  the  re-adion  will  be  in  proportion  to 
the  resistance  it  meets  with  in  its  passage.  Every 
particle  of  eletftricity  which  is  given  out  will  re-ad: 
on  the  air,  the  same  as  a  canHon  ball  produces 
the  re-adion  or  the  recoil  of  the  cannon. 

In  this  case,  as  in  the  formei:,  it  must. appear 
evident  that  the  air  placed  between  the  two  pith- 
balls  will  have  double  the  recoiling  or  re-ading 

VOL.  II.  K  power 
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power  to  what  the  air  will  have  in  awy  other  &• 
re^on,  and  consequently  that,  upon  these  prin* 
Ciples,  the  balla  will  diverge. 

The  eieiflrometer  of  Cuthbertson  unites  ^I 
the  advantages  of  Hen-ley's  quadrant  ele<ftro- 
nieter.  Lane's  eleflmmeter,  and  Bbodkes's*. 

In  Fig.  3,  a  representation  of  this  may  be  seen. 
The  balls  C  D  are  connected  with  the  inside  of 
the  jar,  and  B  with  the  outside ;  A  E  C  is  a 
balance  moving  on  the  centre  E  ;  F  is  the  qua- 
drant eleftrometer,  which  determines,  by  its  di- 
vergency, whether  the  jar  and  the  prime  con- 
dudtor  are  of  equal  intensity. 

In  the  ball  C  there  is  a  hole  to  let  in  the  pin  i, 
by  which  means  the  end  C  is  kept  close  to  Dj 
or  else  a  ring  of  a  known  weight  slides  on  the 
rod  E  Cj  and  its  distance  from  the  centre  E, 
•  becdmes  a'  measurer  of  theintttnfeity.  ■  !.- 

When  a  jar  is  chained,  the  ball  <C  rases-^^af- 
'Wftrds,  and  the  ball  A.  strikes  B;  ijifhich,  c 


*  A  tnoremlilutedescripition  of  thii  majbe-teen  io  tfvirf 
HigbitieutDlM^fdtioaofMr.  CLTUsksTEOK,  in  Mr.XniXfL- 
torCt  Tfllutble' Journal,  vol.  ii,  p.  S26.  , 

A  very  iugeniout  [4iihMcpher,  Mr.  Lawsoh,  bas  oiaOe  ooo- 
■iderable  improvemetits  id  Bbookbs's  eleArometer,,whicb,  as 
well  ai  CuTHBSRTSon's,  dischai^cs  batteries'  bjr  its  own  ac- 
tion. For  foTtber  particulars,  reference  may  be  bad-  to  "Mr. 
TiLLOCH'scjLceUent  PbilosopMcal Masazine,  voli  ii.  [>.  3ft. 
■niciting 
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nicating  with  the  outside  of  the  jar,  produces  the 
discharge. 

When  the  jar  is  charged,  Mr.  Cuthbertson 
observes,  that  the  two  balls  D  and  C  repel  each 
otner,  insomuch  that  the  descent  of  A  is  occa- 
'sioned,by  the  repulsion  between  D  and  C. 
*  .Wilh'  due  deference  to  the  opinion  of  this 
eminent  ele^rician,  {he  explanation  riven  does 
not  appear  to  me  satisfadlory  :  we  arfe  only  tola, 
j  that  when  the  two  balls  contain  a  surcharge  of 
deflfncity,  they  separate ;  but  the  Caiise  of  the 
separation  is  not  pointed  out.  If  the  ascension 
of  the  ball  C  were  to  depend  solely  on  the  re- 
pulsion  pf  the  ball  D,  it  must  appear  evident  that 
tne  distance  between  A  and  B  would  occasion  rio 
difference. 

It  is  said  that  B  attrafls  A,  because  B  is  con- 
necfted  with  the  negative  side  of  the  jar,  and  is  a 
contrary  state  to  A. 

Tliese' term's  of  attradlion  and  repulsion  merely 
express  the  state  of  adlion,  but  .do  not  explain  ally 
of  the  phenomena.  Into  such  difficulties  we  are 
necessarily  led,  when  we  attribute  certain  powers 
tP  inanimate  matter,  by  supposing  its  capacity  lo 
aft  beyond  the  point  where  it  rarely  exists. 

,1  am  persuaded  that  the  explanation  of  this 
instrument  will  be  attended  with  no  difficulty, 
upon  the  principles  already  laid  down. 

From  what  has  been  observed,  it  will  be  evident 

k2  tlfet 
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that  the  balance  AEC  is  positive  with  respeft  to 
eledricity.  The  ball  C,  conneded  with  the  ball 
D,  as  well  as  with  the  inside  of  the  jar,  cannot  un* 
load  itself  bf  any  of  its  eleftricity.  The  ball  A  parti- 
cipates of  the  same  intensity.  Being  in  a  more  ba- 
lanced state  than  the  surrounding  air,  it  aiEls  upon 
that  fluid,  and  is  re-a6ted  on  by  it.  The  portion 
of  air  which  lies  between  A  and  B,  being  a£ted 
upon  in  the  same  manner,  in  order  to  receive  the 
ele<$lricity  from  A,  gives  out  a  portion  to  B ;  and 
in  consequence  of  the  air  thus  unloading  itself, 
the  adlion  of  the  elecSlricity  from  A  upon  it  be- 
comes less.  The  re-a6lion  in  that  diredtion  be- 
ing less  than  in  any  other,  the  ball  A  becomes 
pressed  on  all  sides,  but  least  so  in  the  diredlion 
A  B  ;  A  will  therefore  descend  towards  B. 

If  the  intensity  be  measured  by  the  distance 
between  A  and  B,  or  by  an  Increase  of  weight  on 
the  other  arm  EC,  it  will  be  found  to  depend 
upon  the  same  principles. 

The  gold-leaf  eleftroscope  of  Mr.  Bennet 
possesses  great  sensibility  ;  and,  by  the  improve- 
ment of  Mr.  Pepys,  whose  scientific  acquire- 
ments are  so  well  known,  by  which  the  coatings 
are  rendered  moveable,  very  small  portions  of 
ele6lricity  are  discernable.  The  instrument  is  so 
delicately  construAed,  as  to  be  readily  destroyed. 
Even  in  drying  the  outside  of  the  glass,  so  great 
a  disturbance  of  the  fluid  will  be  occasioned,  that 

the 
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the  leaves  will  be  determined  to  the  glass,  and 
adhere  so  as  not  to  be  removed  without  being 
torn.  An  extremely  fine  silver  thread,  prepared 
after  the  manner  of  Mr.  Read,  or  the  minutest 
thread  that  can  be  drawn  out  of  a  bundle  of  very 
fine  flax^  with  a  little  isinglass  glue  applied 
gently  over  it  with  the  finger  and  thumb,  when 
cut  into  proper  sizes,  forms  a  very  excellent 
eledroscope. 


B3       '  CH'AP^ 


-JMF^'^. 


CHAP,  XXI. 

Tlie  utfluence  of  points  on  eleHricUy  explained—'  - 

Different  stales  of  ele^ricity  exhibited  by  an  in- 
sulated  conduBor — The  eleBrophorus  ej:plained. 

MR.HOPK:iNSON,oneofthePennsylvaii!an 
experimentalists,  having  conjeflured  that,  by  the 
means  of  points,  he  could  concentrate  the  elec- 
tric fluid,  and  thus  produce  a  more  powerful 
spark,  was  surprized  to  find  Httle  or  no  efFeft 
produced.  Dr.  Fbanklin,  who  at  first  supposed 
that  this  might  depend  on  the  attradlion  being 
in  proportion  to  the  surfaces,  at  length  confessed, 
with  his  wonted  ingenuousness^  that  although 
this  explanation  was  the  best  he  could  offer,  he 
did  nbt  think  it  satlsfailory. 

VoLTA  and  other  eledtricians,  have  supposed 
points  to  be  coatings  to  an  infinitely  small  plate 
of  air.  Upon  the  preceding  principles  the  theory 
of  points  admits  of  an  easy  solution. 

Any  conducting  substance  in  a  positive  state 
of  eleftricity,  will  aiSl  as  a  centre  to  the  circoin- 
ambient  aerial  portions  which  will  recede  in  con- 
centric circles.  A  conductor  whose  Burface  is 
large,  will  require  a  power  to  disturb  or  displace 
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its  own  ele^icity,  10  proportion  to  its  extent  of 
surface* 

.  Let  B  (Fig.  Ay  Plate  HI.)  represent  a  charged 
conduiftor,  and  C  the  surrounding  eledlrical  at- 
mospher^.  If  the  brass  ball  E  be  applied  at  m, 
it  will  just  be  in  contaft  with  the  eledrieal  atinjo- 
sphere,  touching  it  merely  in  a  point.  Now, 
suppose  the  three  dojs  1,  2,  3,  to  represent  three 
contiguous  particles  of  ele<9:ricity  ;  and  the  par- 
ticle 3,.  to  be  the  only  one  adl^d  upon  by  the 
electrical  atmosphere  :  in  this  c^e  the  resist- 
ance of  the  particle  2  to  any  motioUj  will  be 
greater  than  the  a<9:ion  of  ^  particle  of  eledricity 
int  the  confines  of  the  eledli^ical  atmospheire ; 
seebg  that  the  above  particle  2,  when  disturbed, 
will  itsdf  sudi  equally  all  round,  ^r)d  will  therefor^ 
disturb  the  contiguous  particles  1,  3,  fee.  To 
enable  the  eledlricity  of  the  ball  to  communicate 
e  spark  from  the  condudlor,  it  must  be  place4 
within  the  atiposphere,  as  at  71. 

If  a  pointed  body  P,  be  placed  just  >yithin  the 
verge  of  the.  ele<ftrical  ^njosphere,  ^s  at  O,  and  if 
we  8t:q)po$e  1^2, 3,4,  5,.  6,  to  represent  the  di- 
De^on  of  the  el^dtricity ;  at  the  e^ctreme  polut 
Q  only  a  solitary  particle  will  ej^ist,  and  the 
remaining  portion  will  be  in  a  right  lirie  with  the 
^^oceBion  of  Jtbe  io^li^g  pojVier.    In  this  case 

4jhe  reeisUincie 'Will .  b^  overcome  as  soon  as  the 

-  j»     »       •      ,  , 

jf^nt  enberg  into  the  Yerge  of  t^e  cifci^feFence 

K4  of 


•146  VARIOUS  ELECTRICAL 

of  the  sphere  formed  round  the  conducting  body! 
one  of  the  particles  being  removed,  another  will  I 
succeed,    and  thus  the  point  will    silently  steal  j 
away  the  fluid. 

The  conduflor  B,  when  charged,  possessing-  i 
more  eleftricity  than  the  surrounding  air,  will  , 
give  out  a  quantity  of  it,  until  an  equilibrium  i: 
restored.  The  density  of  the  ele(5lricity  will  bi 
tlie  greatest  in  the  part  contiguous  to  the  sur-' 
face  of  the  conductor  ;  and  in  receding  from  it^J 
its  intensity  will  be  not  only  diminished,  but* J 
also  weakened  in  its  atftion,  by  the  increasing^] 
resistance  of  the  surrounding  air. 

To  give  motion  to  the  natural  eleflricity  of 
the  brass  ball,  it  must  be  placed  sufficiently  with- 
in the  sphere  of  eleSricity  surrounding  the  con- 
duiSor,  as  to  be  enabled  ;ta  acquire  a  due  degree -of 
intensity  ;  and  the  larger  the  ball,  the  nearer  it 
must  be  stationed  to  the  condu<5tor.  It  is  well 
known,  that  when  a  long  spark  is  required,  a 
small  ball  is  employed ;  but  that,  if  the  SpiaHi  is 
to  be  dense,  a  large  bait  is  necessary.  i :  ; 

A  point,  comparatively  speakhig,: has  at  its  es* 
tremity  the  resistance  only  of  a  solitary  partide 
lo  be  overcome.  If,  therefore,  it  be;  pl^oed  id 
the  verge  of  the  circumference  of  the  elei^cil 
atmosphere,  it'will  slofrly  and  sileirtly'«tealiftwv^ 
the  fluid,  l^e  ingenious  Bbccabia.  has  ob- 
served, that  two  needles,  exposed  to  A  chyrg^d 

jar. 
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jar,  would  free  it  of  its  eledricity  in  half  the  time 
that  would  be  required  by  a  single  needle. 

As  the  density  of  the  spark  is  diminished  in 
the  inverted  proportion  of  the  surface  exposed, 
a  point  only  exhibits  a  kind  of  luminous  star  just 
at  its  extremity. 

A  pointed  body  being  projedled  from  the  con- 
dui^or,  the  eleilficity  likewise  passes  with  an  in- 
creased facility  to  the  surrounding  atmosphere, 
and  exhibits  a  ramified  appearance  in  the  form  of 
a  brush  of  light. 

I  shall  now  consider  the  different  states  of 
eleAricity  exhibited  by  an  insulated  condudlor, 
when  one  of  its  extremities  is  placed  within  the 
influence  of  the  prime  conduAor. 

Supposing  AB,  CD,  (Fig.  5),  to  be  two  me-» 
tallic  cylinders,  placed  in  a  right  line  with  each 
other,  and  insulated ;  then  AB,  which  will  con- 
stitute a  part  of  the  prime  condudor  of  the  ma-, 
chine,  will,  upoo  excitation,  be  in  a  state  of  sur- 
charge with  the  surrounding  air.  If  the  insui- 
lated  condiiftor  CD  be  placed  in  the  same. right 
line  as  AB,  and  the  end  C  brought  within  the 
eledrical  atmosphere  of  the  end  B,  a  disturbance 
will  take  place  in  the  natural  ele<ftricity  of  the 
conduAor  CD,  the  end  C  exhibiting  negative 
signs  of  electricity,  and  the  end  D  positive  signs. 

•  If  the  condudtors  were  to.be.incontaft,  there 
would  then  not  be  any  unequal  portions  in  CD. 

The 
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The  surcharge  in  A  B  would  equalize  itself  with 
C  D ;  when  the  connexion  is  destroyed  by  the 
iftfervening  and  surrounding  air,  the  iageea^  of 
dedndty  to  C  D  beoomes  proportionttely  re- 
sisted; In  this  case  the  aerial  portion  between. 
B  and  C,  being  a<9:ed  on  by  the  surcharge  of 
eleiStricity  from  B,  parts  with  a  portion  of  its 
own  ele<9:ricity  to  C,  meeting  in  that  diredion 
with  less  resistance.  The  air  being  thus  freed  of 
a  portion  of  its  own  eleftricity,  and  recdving  it 
at  the  same  instant  from  B^  the  natural  elec* 
fsPTcily  of  the  conductor  is  impelled  in  th6  direc- 
tion from  C  to  D,  the  impelling  force  bemg  in 
{rroportion  to  the  intensity  on  A  B<. 

Presuming  this  to  be  a  very  important  part  of 
cleftricity,  upon  which  many  phenomena  of  gal- 
vanism seem  to  depend,  I  shall  endeavour  to 
illustrate  my  meaning,  by  substituting  water  for 
eledricity. 

Let  us  suppose  that  AB  CD  fFig,  6),  is  a  cylin- 
der containing  water  in  the  portions  AB,  CD ;  and 
that  there  is  not  any  direil  communication  be- 
tween the  water  contained  in  each  of  the  portions, 
•  which  are  separated  by  means  of  the  pistons  n,  o, 
conne6led  together  by  the  rod  m.  Now,  let 
a,  b,  c,  d^  be  small  pipes  communicating  into  the 
cylinder  CD.  Neither  of  the  cylinders  is  to 
be  supposed  full,  or  to  have  its  maximum  of 
charge.    The  pistons  n,  and  o,  being  pressed 

upon 
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upon  by  equial  quantities  of  water,  will  remain' 
stationary.  If  an  additional  quantity  of  \taler  bfe' 
forced  into  the  cylinder  AB,  its  aft  ion  upoh  the 
>  piston  n  will  drive  it  forward, '  as  it  will  al^o  the 
piston  Oy  to  which  it  is  connefted,  towards  p: 
The  wat6r  in  the  cylinder  CD  being  thus  im- 
pelled, will  pass  out  of  the  tubes  c,  rf,  while  th^ 
tub6s  a;  5,  will  readily  receive  more  water  thani 
before :  a,  b,  are  negative,  and  c,  rf,  positive,  withf 
respeA  to  water.  By  substituting  ele6lricity*for 
water,'  and  considering  the  space  between  the 
pistons  w,  0,  a^  the  intervening  plate  of  air,  the 
reason  will  hie  evident  why  the  end  C  should  ex- 
hibit negktive  signs  of  efedtricity,  arid  the  end  Ef 
poiitivfe  sigHiS.  Eieftricity,  to  be  diisttfrbed,  re- 
quires a  certain  power.  It  is  hot  moved  withbtiC 
some  resistance,  and  4'hen  once  thrown  iritci 
motion,  possesses  no  powers  in  itself  to  refiirlfi 
again  to  its  pristine  state.  It  will  therefore,  for 
a  certain  period,  remain  in  a  state  of  accumula- 
tion ;  or  rattier  retain  its  tendency  to  persevere 
in  the  motion  given.  Let  us  suppose  a  particle 
of  water  to  be  driven  forward  in  a  capillary  tube. 
If,  after  it,  a  succession  of  watery  particles  are 
thus  impelled,  an  Accumulation  of  motiori  is 
occasioned  in  the  former,  which  may  be  com- 
pared to  that  induced  on  pendulous  bodies.  If  a 
heavy  pendulum  requires  a  certain  po^er  t6  put 

it 
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it  into  motion^  and  if,  at  equal  returns,  the  same 
power  be  applied,  the  pendulum  will  describe 
larger  and  larger  arches,  retaining  the  original 
impulsion,  and  accumulating  all  the  subsequent 
motions. 

Some  idea  of  the  motion  induced  on  the 
eledlricity  contained  in  the  surrounding  air,  may 
be  formed  from  the  circumstance  of  the  disturb- 
ance produced  in  an  ele6lroscope  by  the  remote 
application  of  an  excited  glass  rod.  The  latter, 
when  at  the  distance  of  five  or  six  feet  from  a 
sensible  eledroscope,  will  occasion  a  divergence. 
Upon  the  removal  of  the  rod  to  a  greater  dis- 
tance, the  gold  leaves,  or  pith-balls,  do  not  retain 
any  state  of  electricity,  but  return  to  their  natural 
state.  By  moving  the  rod  backwards  and  for- 
wards, the  balls  play  accordingly,  diverging  and 
converging.  As  yet,  however,  the  disturbance 
induced  on  the  electricity  in  the  surrounding  air, 
communicated  more  sensibly  through  the  eleitro- 
scope,  only  occasions  a  wave-like  motion  in  the 
eledlric  fluid,  without  producing  any  permanent 
change,  which  cannot  take  place  until  the  glass  rod 
be  brought  so  near  as  to  have  imparted  a  portion  of 
its  superfluous  quantity.  This  experiment  evinces 
the  facility  with  which  the  ele6lricity  in  the  sur- 
rounding air  is  disturbed.  Consequently  any  por- 
tion of  air,  under  the  influence  of  an  eleftrical 

charge. 
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charge^  will  easily  part  witii  its  natural  eleAricity, 
if  in  contaft  with  any  good  conducing  sub- 
stance. 

I  shall  now  apply  the  above  principles  to  the 
explanation  of 

THE   ELECTROPHORUS. 

This  curious  and  simple  instrument  was  invented 
by  the  celebrated  Volta,  Professor  at  Como.  It 
consists  of  a  round  metallic  plate,  called  by  Volta^ 
scudo,  and  a  plate  covered  with  a  resinous  sub- 

'  stance.      The  scudo  has  an  insulating  handle. 

'  When  the  resinous  cake  is  slightly  rubbed  by 
means  of  a  hare  or  rabbit-skin,  and  the  scudo 

'applied  to  it,  connected  at  the  same  time  by  any 
conduding  substance  with  the  ground,  upon  sud- 
denly breaking  the  connexion,  and  raising  the 
scudo  by  the  insulating  handle,  several  curious 
effects  will  arise.  1st,  A  spark  will  strike  to  any 
conducing  body  brought  near  the  scudo.  id. 
The  scudo  is  always  in  an  opposite  state  to  that 
of  the  excited  plate.  3d,  These  efFe<5ls  are  re- 
peated without  any  fresh  excitations. 

This  forms  a  very  simple,  and  almost  perpetual 
eledlrical  machine,  in  very  dry,  frosty  weather. 
When  once  excited,  the  excitation  will  continue 
very  sensibly  for  the  space  of  two  or  three  weeks. 
Upon  this  principle  Lichtenburg  construifted  an 

ele<5lro- 
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.ele^lrophorus  of  an  oval  form,  about  7  feet  by  Q.  I 
All  the  excitation  required,  consLsts  in  gently  1 
rubbing  it  with  a  fox's  tail;  the  metallic  scud{>»- 
when  of  this  magnitude,  is  raised  up  by  puUiea, 
and  the  striking  distance  is  so  great,  as  to  pa^'j 
through  18  inches  of  air,  the  intensity  being  at  i 
the  same  time  such  as  to  possess  all  the  powers  j 
of  a  large  battery. 

The  composition  employed  by  LiCHTENBuaa-J 
for  his  resinous  cake,  consists   of  40  parts  ^ 
resin,  4  parts  of  yellow  wax,  and  1  part  of  lamp- j 
.  black. 

Mr.  Nicholson,  in  hisjustly-esteemed  Joiynal,  1 
conjectures  the  adtion  of  the  eledlrophorus  to  de-  4 
.  pend  on  the  compensation  of  the  two  eletElrici-  i 
ties.    He  supposes  the  electricity  to  be  generated 
by  the  excitation  of  the  eleflric,  and  to  exist 
.there  in  a.  state  of  supeffluqusness,  JinsoiniKh 
tfthaLwhatis  giyeap^t  by  the  scudo,  is  )vhat,l;^ 
.vbeen.  received  from.  the_  ele<3ric.  _  It  is  with  «- 
,trenie  diffidence  that  J. presume  to  differ, in  pj»- 
..nicn  with  the  above  gentleman,  fgr  lyho^e  supe- 
-fior.ialents,  and  w^UT^stablished  .philosoph|<;al 
reputation,,  no, one  can.entertain  a  higher  ^^u^p^ 
itbui-inyself*, 

;t 

•  Dr.  YouKU,  in  his  Philosophical  Syllabus,  says,  that  the 
cleArtpbonu  is  employed  to  ioduce  a  state  of  dearinty  in 


^  }It  appears  tojne  that  the  .explapation  qF  ^tljie 
-deftrophprus.  is  very  simple,  upon  the  j>rmcipl«s 
:I  have  thus  advanced;  and, as  the  application  gf 
-them  to  every  jel^dlripal  pheaon^enpn  is  so  yeiry 
.-easy,  I  should  hqpe  it  is  ;a  presjarnptive  prpof  of 
rlheir .  pcobahility  • 

Wlnenja  resinous  sub§ta|ice.  i&epLcit^d,  n^g^tjiYe 


i  : 


another'  body.  ^The  partial  redundancy  or  defidency  pf  tbe 

<  seoond  bodyhei^ng ;  cpQinYunlcated  to  a.  resermr^  a  toopppifary 

equilibrium  is  produced,  which  is  succeeded  respedively  by  a 

deficiency  or  redundancy  when,  the  two  bodies  are  separated. 

*  This  may  be  easily  supplied  from  the  earth,  and  the  operation 

.  may  be  continued  at  pleasure.    If  I  understand  Dr.  Young 

jsighty  by  tbe  aeoond  body  he  means  the  £cado ; .  i£  so>  the  ^tm 

ypariial  redundancy  or  deficiency  applied  to  it>  d^es  not  appf ar 

lobecorredt,  the  charge,  being  induced  on  the^ eleftrophorus, 

and  not  on  the  metallic  plate.     An  objection  may  also  be  made 

to  Dr.  Young's  ideas  relative  to  the  condenser  of  ele6lricity. 

A  {]4ate  6f  air  being  interposed  between  the  two  metals,  when 

the  eU^rvity  of  one  of  them  becomes^  disturbed,  .and  deter- 

*  mined  in  any.  particular  diredion,  the  repeated  applicatioi^  of 

small  quantities  of  dedricity,  occasions  a  phangein  the  ^ir  vsi- 

.  milar  to  that  of  a  Leyden  phial  3  and,  as  happens  in  tlie  case  of 

the  latter^  one  side  cannot  give  out  any  signs  of  cle6lricity, 

unless  the  other  be  equally  affe^ed.    It  is  not  until  the  sepa« 

ration  of  the  plates,  that  the  accumulated  masS'  produces  ^evi* 

dent  disturbances  of  the  ele^roscope. 

What  Dr.  Youn&  means  by  the  excitation  of  eleftncity^by 
fridion,  aided  by  chemical  a6tion,  I  do  not  understand. 
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'  signs  of  elei5tricity  are  always  evinced.  The  ex- 
citement having  increased  its  capacity  for  electri- 
city, it  readily  receives  it  from  all  those  substances 
which  are  condudors.  When  the  scudo  is  ap- 
•  plied,  it  can  only,  while  in  an  insulated  state, 
part  with  a  small  quantity  of  the  fluid ;  but  when 
it  is  conneded  with  a  conduftor  communicating 
with  the  earth,  such  as  the  finger  of  the  experi- 
mentalist applied  to  the  eledl  rophorus,  and  re- 
moved just  before  the  scudo  is  elevated,  then 
the  eleftrical  appearances  occur  as  above  particu- 
larized. 

The  resinous  plate,  in  consequence  of  the  ex- 
citement being  thrown  into  a  state  adapted  to  the 
reception  of  eledlricity,  in  proportion  to  the  change 
it  has  undergone,  will  abstradt  the  eleftric  fluid 
from  the  scudo,  and  from  the  other  bodies  with 
which  the  latter  is  connefled. 

The  metallic  plate,  when  in  contadl  with  the 
surrounding  air,  would  remain  undisturbed,  if  the 
two  ele^ricities  \\'cre  in  a  balanced  state ;  but  if 
the  surrounding  air  should  acquire  an  increase  of 
eledlricity,  without  its  capacity  being  increased, 
it  will  impart  to  the  metal  what  will  be  necessary 
to  preserve  the  balance. 

Thus  the  metallic  plate,  being  in  contact  with 
the  eleflrophorus  before  excitement,  no  changes 
are  induced,  their  respeilive  capacities  and  the 

natural 


fiat  Kind  quantitito'*  of  ele&ticity  Veifl^  prebi«dy 
proportionate ;  but  if  the  capacity  of  the  ele<R:rQ* 
phbros  bb  increteed,  a  cuiterrt  ^  eleiSricity  ivill 
bfe  .|M?odaced,  ^hich  wiil  he  iri  the  gt^t^st  intent 
aty  in  the  part  of  the  scudo  in  cohta^  with  thf 
fltitsi^.  Wten  the  commuhicafion  is  suddenly 
brdkto,  and  the  scudo  elevated  by  the  in&ulattiig 
hindic^  theli  the  scudo  possesaes  iti0re  eledlriaity 
thun  the  sut*rounding  air  to  which  it  is  ^ow  ^&^ 

*  It  is  not  to  be  understood  that  they  posses(s  fetJlKtl  qfMtntf* 
lUt^,  it  hatih^  be<^  dM^fdmiv^  that  di&rm,  ^  nOilk^con^ 
tft^tws,  aotAam  w^Vji  Htt)?  of  the  flntd  {  an4  iliere^F^  thek  i^ 
90^9^e  to  the  adnai.s(ioi|  of  any  sQore,  :1a  be  added  to  the  little 
tbcy^pay  pos^e^s,  k  mpon,^  precise  balance  with. the  lai'ge 
quantities  of  eledtricity  contained  in  good  condpf^brs,  addedf  to 
their  smaller  resistance.    This  might  b'e  irtmtrHted  by  a  shilpl* 
mechanical  experiment,  that  of  rendering  the  momenta  of  two 
unequal  si"Zed  balls  equd.  A  ball  weighing  one  pound,  moving 
ten  times  as  fast  as  a  ball  of  ten  pounds,  the  two  balls  will,  if 
in  opposing  diredions  in  their  concourse,  entirely  destroy  the 
motion  of  each  other,  seeing  that  what  the  smaller  ball  wants 
in  matter,  it  makes  up  in  velocity.     In  the  same  way  the 
minute  quantity  of  cle6tricity  contained  in  ele6trics,  added  to 
the  great  resistance  of  the  substance  to  the  admission  of  more, 
becomes  a  precise  balance  to  the  great  quatitity  in  good  con- 
du6tors.     As  ele<5tricity  moves  in  the  diredtion  in  which  it 
meets  with  the  least  resistance,  if,  by  attrition,  the  capacity  of 
the  resinous  substance  becomes  increased  for  cledricity,  or  if 
the  state  of  the  arrangement  which  resisted  ihe  admission  of 
more  elcdriclty  becomes  altered,  in  this  diredion  the  cleftricity 
from  surrounding  bodies  will  necessarily  proceed. 

^n  vi>j..  II.  s  posed. 
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posed^  and  wiH  exhibit  eledlrical  phenomeim  ill 
proportion  to  its  intensity. 
•  It  must  appear  evident  that  the  scudo  in  thi^ 
case  will  exhibit  positive  signs  of  eledlricity,  while 
the  eledlric  cake  will  occasion  the  balls  to  diverge 
with  negative  ele6lricity •  When  the  pith-balls 
are  made  to  diverge  by  the  application  of  the 
scudo,  they  will,  when  in  this  state,  be  made  to 
converge  on  the  application  of  the  electric  plate, 
which  will  necessarily  occasion  opposite  degrees 
o(  elecSlricity. 

Mr,  Bewley,  and  my  respefted  friend  Mr. 
Reib,  have  communicated  very  ingenious  papers 
upon  the  eledlrophorus.  What  proceeds  from 
the  latter  gentleman  upon  ele6bicity  roust  be 
ever  deemed  valuable* 
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CHAP.  XXIL 

THt/eory  of  the  Ley  den  phial — Of  spontaneous  dis" 
charges — Uses  and  advantages  of  the  metallic 
coatings   explained-^^^Theory   of  the  different 

m 

eleSric  phenomena^ 

% 

THE  charging  of  a  Leyden  phial  is  occa* 
sioned  by  the  imperfedlions  of  the  condudling 
power  of  air,  and  the  adlion  and  re-adlion  exist- 
ing between  eledricity  and  air. 

The  glass*  answers  no  other  purpose  than  that 

of 


*  It  has  been  asserted  by  some  philosophers,  that  glass  is  per* 
meable  by  eledricity ;  and  the  Abbe  Nollbt  fancied  he  had 
demonstrated  this  by  cementing  a  jar  "with  a  receiver,  and 
making  the  eledtricity  pass  through  during  the  exhausdon. 
This  circumstance  Beccaria  has  very  satisfa6torily  explained. 
He  also  observes  that  white  glass,  when  recently  blown,  is  not  so 
imperfed  a  condudor  as  it  becomes  afterwards.  Dr.  Pbiest* 
XBY  has  also  noticed,  that  a  piece  of  gold-leaf,  being  tied  be- 
tween two  glass  tubes,  one  old  and  the  other  new,  on  sending 
m  powerful  charge  through,  the  metallic  sparks  were  more  inde- 
libly impressed  on  the  new  tube  than  on  the  old.  Mr.  Canton 
liad  remarked  that  Florence  flasks  cannot  be  charged,  owing  to 
iKuneanvitrifi4>ie  portions  they .contam.   The  attention  of  elec- 

s  2  tricians 
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of  furnishing  a  more  perfe^l:  resistance  to  tb#l 
communication  between  the  plates  of  air  con- 
tiguous 


t  bai  Men  excited  bjt  the  experiment  of  Mr.  WooiT 

'g^  by  wliicb,  it  in  aaiil,  the  penDcability  of  gh^  % 

Mr.  Wood  placed  wi  elci   roscope  on  a  glass  plale,  aad 

-'Tiu  the  former  with  a  gbss  •■cciver,  in  surha  way  as  ihatit 

leverj-direflionsurrounded  by  glass.  In  tbisstateao  esdted 

1       applied  at  some  distance  irora  Ibc  receiver,  influenced 

8         to  such  a  degree,  as  to  make  it  appear  to  Mr, 

IDBid  not  ^"         fled  without  the  eiearieiiy 
I      U]  ;t  point  of  view  such  might 

I     I  on;  bQt,  1  Jonvaiyingiheespertment, 

.-or  into  which  I  Wood  tell  will  appear  crident.  K 
.eflroscope  be  plai;cu  upon  a  tabic,  and  not  iipoa  a  g!as5 
'jfiate,  and  then  covered  with  the  receiver,  no  disturbance  wilt 
take  place ;  and  when  the  apparatus  is  arranged  after  the  man- 
ner of  Mr.  Wood,  the  nearer  ihe  excited  glass  rod  is  brodgbt 
Jo  the  part  of  the  glass  plate  on  which  the  ele6lroscope  slajids, 
,\blt  peatpr  will  fe  the  diiturban?c.  It  must,  appear  CTJdcut, 
diat  the  eleflricaj  oomrounicalion  takes  place  at  tlir  part  of  tb? 
jilaW  of  sLjss  on  which  the  receiver  stood.  In  ibc  case  whcip 
.Uie  ^atc  <rf  glass  sliddd  not  be  employed,  the  air  irndftlbe 
.receiver, would  not  bedistuibaU  ai>dthe  con)munic3.tiap  *9 
Jll^  «Vlh  would,  be  forined  in  an  iisnicdialc  way  by  lbs  tshle. 
JUs  apparent  permeability  Uiereforc  aiis«s  froo)  tlw  tjifptnipi 
iMaialioa  of  the  receiver. 

.  This  has  been  Hied  in  ajjgther  manner.— tAi»  etcQi^Ki^ 
ias'mg  ^e»  placed  witiiituide  a  glasa,  whjcb  was  aAcrwsrdi 
JKOuetically  acaledj  a  disturbance  was,  ootwiihstanduig,  err 
dutaot^applieft^nartJutiiEawdtabc.  Itijsacu[ioaf.ni^ 
GoiOaUiieCf 
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tlg\*ms  to  its  surface,  ahd  thus  enablmg  greatei' 
changes  to  be  indoced. 

:  When  a  jar  is  charged,  if  it  were  possible  that 
the  glass  should  be  suddenly  annihilated,  the  sam* 
«le<ftrical  appearances  would  be  manifested  ai 
before.  The  niode  in  which  ele6lricity  adls  upoA 
air  has  been  frequently  proved ;  and  this  adtion 
fe  necessarily  in  proportion  to  its  intensity. 
•  Let  M  S  represent  a  Leyden  phial  (Fig.  6,  Plati 
tV.J  insulated  on  a  stand  Q.  Let  it  be  coated  to 
^  on  the  inside,  and  b  on  the  outside^  and  let  M 
M  express  a  single  column  of  air  and  eleftricity, 
M  it  naturally  exists  on  the  inside,  and  M  O  a 
^thilar  column  on  the  outside.  Now,  let  us  ima- 
^ne  the  triangles  to  represent  particles  of  eleo^ 


M^Om 


cumstance,  that  glass,  when  once  in  a  state  of  separation,  can- 
not, by  the  usual  process  of  sealing,  by  which  it  is  softened  so 
as  to  be  capable  of  being  drawn  out,  be  brought  into  so  perfed 
a  Btate  ef  union,  btrt  that  ele^ricity  trill  be  enabled  to  pass 
tbrough.  If  tbe  glass  be  brought  into  a  state  of  tusion,  then 
Ibe  pa(9ag&  of  ele6U'icity  is  completdy  prevented.  To  this 
cause  is  owing  the  curious  phenomenon  i>f  the  stream  of  light 
observed  in  the  empty  part  of  a  thermometrical  tube,  w^en  th^ 
bulb  is  exposed  to  sparks  from  the  conductor.  In  this  case  (h6 
hermedcal  sealing  is  simply  afFe5!cd  by  the  softening  of  the 
glaM.  That  the  experiment  made  by  Mr.  Wood  depends  upon 
the  charge  of  air,  is  evident.  Tbe  portion  contiguous  to  the 
.^ttriace  of  the  glass  being  charged,  when  the  excited  tube  is 
dremoved,  and  the  eledbroscope  in  a  quiescent  state,  on  apply- 
ine  the  hand  to  tbe  glass,  a  disturbance  again  takes  place. 

3  3  tricity. 
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tricity,  and  the  circles  particles  of  air.   Theae  x%M 
merely  assumptions  for  the  sake  of  illustration. 

Let  O  R  be  a  wire,  or  any  other  conducting  1 
Swbstance,  which  may  be  applied  occasionally  t% 
the  outside  coating  b  O  ;  and  let  P  be  the  coaj 
dueling  substance,  connedled  with  the  prime  c 
duiflor  of  an  eleftric  machine. 

In  their  natural  state,  the  column  M  N  is  anj 
exaiS  counterpoise  to  the  rolumn  M  O,  Both  ' 
the  inside  and  outside  of  the  jar,  as  well  as  aH 
the  space,  being  absolutely  full,  an  additional 
particle  of  ele(5lricity  cannot  be  forced  into  the 
jar,  insomuch  as  it  is  necessary  that  it  should 
occupy  space.  In  conseqi  ;nce  of  its  being  at- 
tempted to  be  pressed  in,  it  will  adt  equally  all 
around;  and,  if  resisted  equally  in  every  part,  the 
admission  of  an  additional  particle  becomes  jm- 
pra6licable. 

From  the  construftion  of  the  Leyden  jar,  this 
is  not  the  case,  since,  on  the  admission  of  par- 
ticles of  electricity,  1,  2,  3,  4,  for  instance,  the 
resistance  is  less  in  the  dire<5tion  of  N  M  O  than 
in  any  other,  and  therefore  a  charge  will  take 
place. 

This  is  occanoned  by  the  column  M  O  parting 
with  its  deftricity  at  the  point  O,  which  c<Hninu> 
nicates  vith  the  ground,  through  the  medium  of 
the  conduflor  O  R  :  if  there  should  be  no  con- 
dudling  medium,  and  the  jar  should  be  insulated 
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on  the  glass  pillar  Q,  then  the  resistance  in  that 
diredtion^  as  well  as  in  every  other,  will  prevent 
any  accumulation  of  ele6lricity  within  the  jar. 

It  may  be  difficult  to  conceive,  on  a  cursory 
view  of  the  subjeft,  how  the  addition  of  any  elec- 
tried  matter  withinside  the  jar,  should  occasion 
an  abstraction  from  the  column  of  air  on  the 
outside.  This  may  perhaps  be  better  understood 
by  the  following  diagram,  in  which  other  fluids 
are  substituted,  to  the  end,  that  the  efFeiSls  may 
pome  more  immediately  under  our  senses. 

Let  A  B  C  D  (Fig.  8,  Plate  Vf.)  represent  a 
^uble  glass  syphon,  the  end  A  terminating  in  a 
vessel  filled  with  charcoal  dust.  Now,  supposing 
the  glass  tube  to  be  filled  with  water  and  oil,  the 
water  will  pervade  the  charcoal  powder,  but  this 
will  pot  be  the  case  with  the  oil.  If  an  addi- 
tional  quantity  of  water  be  forced  into  the  tube 
at  the  end  D,  both  the  oil  and  water  will  be 
pressed  forwards  by  the  force  exerted  at  D.  It 
i&  evident,  that  if  at  A  there  were  no  exit  for  any 
portion,  every  effort  to  force  in  mote  at  that 
point  would  be  fruitless,  as  the  charcoal  powder 
at  E  is  capable  of  conduding  water,  but  not  oil. 
The  water  in  the  tube  ABC  will  be  gradually 
separated  from  the  oil,  and  pass  through  the 
vessel  of  charcoal  E  out  at  G.  If  the  water  be 
ftill  forced  in  at  D  until  it  fills  the  tube  to  M, 

64  DCM 
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i>CM  will  be  filled  with  water,  and  ABM  filled 
with  oil 

The  application  of  this  diagram  to  the  Ijsydtn 
phial,  is,  I  presume,  very  easy.     The  p^tt  Dof 
the  tube  corresponds  to  the  wire  conne^led  vAth 
the  prime  condu6ior  ;  CM  B  to  a  cotomn  c4  aif 
and  ele<ftricity  on  the  inside  of  the  jar ;  B  to  a 
similar  column  on  the  outside ;  and  E,  the  'Char- 
coal reservoir,  to  the  earth.    By  substituting  elec-* 
tricity  for  water,  and  air  for  oil,  the  s»me  circutn-^ 
stances  will  precisely  take  place.     If  CBA  be 
supposed  a  column  of  air  and  eledlricity  5  if  any 
additional  quantity  of  electricity  be  forced  in  at 
C  ;  and  if  at  A,  the  air  can  unload  itself  of  its 
natural  quantity  of  eledricity,  through  any  con- 
ducing medium  to  the  earth,  by  continuing  the 
process,  we  shall  have  the  column  AN  to  consist 
of  air  freed  from  its  eleflricity,  while  the  column 
CM  will  be  formed  of  electricity  freed  from  air. 

As  the  column  unloads  itself  at  the  point  A, 
the  resistance  there  is  the  least.  The  greater 
the  distance  from  A,  the  greater  is  the  resistance, 
which  at  NBM  is  the  greatest.  If  the  column 
NA,  be  greater  than  MC,  the  resistance  will 
increase  in  proportion,  until  the  intensity  of 
eleClricity  in  the  prime  conductor  will  lose  its 
influence  and  ascendancy,  and  then  a  charge  will 
become  impossible. 

M.  CwALLo   has  observed,  that  a  thin  glass 

will 
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wil  receive  the  greatest  charge ;  but  this  is  no€ 
correct.  When  we  want  to  charge  a  small  jar 
powerfully,  we  seled  a  thick  one,  A  thin  jar,  if 
is  true,  is  more  easily  charged,  but  if  the  inten- 
tity  of  the  machine  be  considerable,  the  accumo- 
kted  ekiOricity  withinside  the  jar,  adling  equally 
all  around,  the  same  on  the  glass  as  on  the  air^ 
the  glass  will  break. 

:  Spontaneous  discharges  only  occur  when  the 
air  about  the  sides  qf  the  jar  is  very  dry,  Sadis-' 
posed  is  the  surface  of  glass  to  moisture,  that,  in 
€v«ry  instance,  the  portion  of  air  which  is  in  kn-* 
Baediate  contaA  with  the  glass,  affords  a  less  re- 
sistance than  the  other  portions,  'in  consequenee 
of  its  proximity  to  a  surface  possessing  the  aboTC 
cited  quality*. 

"  AJThen  the  other  portions  of  air  are  very  iifji 
the  resistance  being  less  in  the  direction  NAM 
Mg.  7,  th^n  towar<k  the  interior  of  the  gla^  jar, 
the  charge  goes  on  so  rapidly,  that  the  resistance 
d  MC  is  overcome,  and  the  equalization  re- 
stcuied* 

if  we  suppose,  in  the  charged  state,  N  rf  to 
represent  the  coliimn  of  ekiftricity,  without  air ; 
cO  the  column  of  air  without  ele6lricity,  ov  at 

least  gradually  freed  from  electricity  towards  Q; 


^■^*'^— I  II      II     .   i<i  1)1  I  t^t^ftm^^'f^^ 


.  *  Glass,  in  its  driest  state,  possesses  a  film  of  humidity. 
When  beyond  the  verge  of  the  coating,  it  meets  with  lcs< 
reiistance  in  that  diredion  than  in  any  other. 

and 
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and  cMrf  the  air  and  the  eledlricity  in  their  na-t 
tural  state;  in  this  case  cMrf  is  the  resistance 
which  prevents  the  two  columns  from  equalizing 
themselves.  If  the  column  Nrf  be  increased 
towards  1 ,  the  column  c  O  will  also  be  increased 
towards  2,  and  the  resistance  to  the  equalization 
iwill  be  measured  by  2  M  1 .  If  this  should  be  no 
'  more  than  the  striking  distance  of  the  machine, 
it  will  be  broken  through,  and  there  will  be  a 
spontancQus  discharge.  This  is  the  direAion 
which  the  spontaneous  discharge  always  takes. 
It  generally  leaves  a  marked  line  on  the  surface 
of  the  glass  from  M  towards  2,  as  if  it  brought 
about  the  (le-oxydation  of  a  portion  of.  the  lead 
in  the  composition  of  the  glass. 

When,  in  dry  weather,  a  jar  is  thus  sponta- 
neously discharged,  it  prevents  the  accumulation 
which  is  sometimes  requisite.  We  are  indebted 
to  Mr.  CuTiiBERTSON  for  a  mode  of  preventing 
this,  by  simply  breathing  into  the  jar.  About 
ten  or  eleven  years  ago  Mr.  C.  was  led  to 
this  observation  by  noticing  that  jars,  when  fresh 
coated  in  dry  weather,  admitted  of  a  greater 
charge  than  those  which  had  been  coated  some 
time  before.  The  difference  appearing  to  him 
to  arise  from  dampness,  he  found,  that  by  breath- 
ing into  a  jar  through  a  glass  tube,  it  was  enabled 
to  retain  double  the  usual  quantity  of  cle£lric 
fluid. 

Mr, 


THEORY  OP  SPONTANEOUS  DISCHARGES.  ^7 

Mr.  Nicholson  supposes,  that  the  surface  of 
clean  glass  may  become  charged  in  successive 
2ones  of  the  contrary  elecSlricities,  and  that  thesp 
zones,  when  they  have  acquired  the  requisite  in- 
tensity, may  explode  into  each  other,  and  produce 
an  undulation  in  the  whole  charge,  which  may 
favour  its  flight  through  the  space  or  interval  be^ 
tween  coating  to  coating.  When  the  surface 
is  covered  with  distindl  insulated  particles  of 
jnoisture,  the  escape  from  particle  to  particle 
must  be  by  smaller  leaps,  and  the  charge  will  be 
more  tranquil. 

This  explanation  Is  attended  with  many  diffi- 
culties, it  being  altogether  hypothetical,  to  sup- 
pose that  the  inside  of  a  jar  contains  on  its  sur- 
face different  states  of  eleftricity.  The  metal- 
lic coating  is  a  condudlor  superior  to  water,  on 
which  account  no  undulation  can  arise ;  and  the 
Jbigher  the  coating,  the  more  frequent  must  be 
the  spontaneous  discharges. 

Mr.  Cuthbertson  supposes  the  breathing  to 
occasion  a  film  of  humidity  over  the  uncoated  part 
of  the  jar,  and  accordingly  conjedlures  this  to  be 
the  reason  of  the  increased  charge. 

If  this  were  the  case,  it  ought  to  be  overcome 
by  the  continuance  of  the  metallic  coating  to  the 
tnouth  of  the  jar ;  but  this  is  well  known  to 
occasion  an  earlier  spontaneous  discharge.  Mr. 
(j^UTHBERTSON  obscrvcs,  that  water  not  being  so 

goo4 
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good  3  condu<3or,  as  any  given  metal,  the  spon- 
taneous discharge  will  not  take  place  in  a  homid 
coating.  If  the  uncoated  part  of  the  inside  of  a 
jar  be  moistened,  we  do  not  experience  the  effefts 
we  ought  to  expeft  from  Mr.  C.'s  reasoning, 
since,  by  thus  diminishing  the  resistance,  we 
occasion  a  quicker  spontaneous  discharge. 

When  we  breathe  into  a  jar,  we  direA  otir 
tube  to  the  air  about  the  coated  surface  of  the 
jar,  by  which  means  we  render  the  an-  withm- 
side  the  jar  more  humid.  It  being  in  this  state 
a  better  condudor  of  eledricity,  the  resistance  to 
the  interior  part  is  consequently  so  diminished, 
as  to  allow  ofa  great  charge  of  eleflricity.  That 
the  resistance  to  the  passage  of  ele^hicity  is  by 
this  process  diminished,  is  evident  from  there 
being  no  corruscations  or  luminous  flashes ;  while, 
in  the  dry  state  of  the  jar,  the  inside,  a  little 
before  a  spontaneous   discharge  takes  place,  is 


Ap^AJ^XfGES  OF  METALI.IC  •0ATIN6S,     26$ 

Let  me  now  proceed  to  aa  explanation  of. 
the 

METALLIC  COATINGS, 

Atmospheric  air  being  a  very  imperfect  con- 
duiSlor,  in  order  to  charge  the  portion  !;irhich  is 

,       ■  ■  ■■»  1  lll«l>a  ■^■la  MM         ■■— H^^— — ^i^^  l»  111!  Jl'll  III 

for  ele6tricky  varies  with  its  temperature,  a  change  will  take 
place  as  to  its  eleMcity,  which,  in  equalizing  itself,  will  dis* 
place  the  interveaing  portions  of  air  y  and  thus  the  phenomena 
of  tbuoder  and  lightning  will  ensue.  Immediately  after  the 
report  a  wind  is  always  observed  moving  from  the  negative  to 
Che  positive  cloud.  A  cloud,  when  highly  charged  with  elec- 
tricity, contains  less  in  bulk  of  aerial  particles  than  another 
doud  not  so  charged,  because  part  of  its  space  is  occupied  b]i^ 
elofincity.  A  cloud  weakly  charged,  and  containtog  a  greater 
proportion  of  air^  in  its  equalization  parts  with  the  air,  and  re« 
ceives  eledricity )  consequently  the  current  of  air  must  always 
be  reverse  to  the  diredion  of  the  lightning. 

It  rarely  happens  that  in  this  equalization,  the  earth  is  in 
any  degree  concerned.  When,  however,  the  lightning  strikes 
upon  the  earth,  (bis  is  merely  occasioned  by  the  earth  aiding  at 
a  conductor  between  two  masses  of  air ,  and  this  happens  ia 
tliose  situations  only,  in  which  the  distance  between  two  elec- 
tric clouds  is  greater  than  the  sum  of  the  distances  from  those 
two  clouds  to  the  earth. 

In  the  tropical  regions  the  north-east  and  south-west  trade- 
winds  are  continually  determining  masses  of  cool  air  into  those 
warmer  latitudes.  Caloric  is,  as  well  as  eledricity,  abstracted 
from  the  ^opical  air  j  and  thus  are  occasioned  those  universal 
dedrical  diffusions  which  give  the  sky  the  appearance  of  being 
covered  in  every  diredion  with  one  continued  sheet  of  light- 
ning. These  phenomena  generally  take  place  so  high  up  in  the 
ar,  as  not  to  occasion  much  danger  on  the  surface  of  the  earth,' 

**  conti- 


contiguous  to  t!ic  surface  of  a  glass  jar,  it  wouldj 
be  necessary  that  the  conducting  wire  should  hS 
moved  round  to  every  part.  By  spreading  ovet 
the  surface  of  the  glass  a  metallic  coating,  which 
presents,  as  it  were,  a  point  to  every  portion  of 
the  plate  of  air  contiguous  to  the  surface  of  tie 
jar,  a  communication  is  speedily  formed. 

So  considerable  would  be  the  resistance,  that 
it  would  be  impossible  to  charge  a  dry  and  uH-^ 
coated  jsr.  But  if  a  jar  be  coated  withinside^, 
the  resistance  of  the  air  on  the  outside,  while  ff. 
is  charging,  is  evident  from  the  flashes  of  ligb€* 
given  out. 

The  coating  answers  the  purpose  of  a  com> 
municating  medium  to  the  surrounding  air,  ift; 
order  th,nt  a  charge  and  a  discharge  may  be  ef- 
fe.'led  with  the  least  resistance. 

The  charge  of  a  jar  neither  exists  in  the  coat- 
ing, nor  in  tlie  substance  of  the  glass,  but  merely 
in  that  stratum  of  air  which  is  contiguous  to  it. 
If  the  coatings  be  made  moveable,  and  the  g^ass 
separated  from  them  when  charged,  by  substi- 
tuting in  their  place  different  metallic  coatings, 
the  same  discharge  will  take  place. 

A  jar  being  charged  and  insulated,  if  the  hand 
be  introduced  to  the  inside,  without  aay  com- 
munication being  established  with  the  outside,  no 
discharge  will  ensue,  neither  will  the  charge  be 
diminished.  The  columns  of  ele^icity  and  ur 
being 
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being  balanced  by  their  mutual  resistances,  the 
aAion  of  the  air  cannot  be  removed,  unless  that 
of  the  ele6lricity  be  also  taken  off. 

Some  difference  is  experienced  relative  to  what 
is  employed  as  the  coating  medium ;  and  this  ^eenis 
to  depend  upon  the  conducing  powers.  Thus 
metal  is  superior  to  water,  because  it  furnisher 
less  resistance  to  the  facility  of  communication. 

It  has  been  observed,  4[pit  in  the  charging  of 
a  jar,  it  is  necessary  that  the  external  and  inter- 
nal columns  should  correspond.  If  the  cojumn 
on  the  external  surface  should  extend  beyond  a 
certain  limit,  the  column  on  the  inside  will  re- 
quire an  additional  power  to  overcome  the  resist- 
ance, and  will,  in  a  proportionate  degree,  abstradl 
from  the  intensity  of  the  machine. 

It  is  on  this  principle  that  the  maximum  of 
charge,  as  to  the  coating,  is,  when  there  is  an 
exzjd:  correspondence  between  the  metallic  coat- 
ings stationed  in  an  opposite  diredion  to  each 
other. 

Let  AB,  Fig.  10,  represent  a  section  of  a 
Leyden  pane  of  glass.  Now,  i(  ab  be  the 
coated  surface  on  one  part  or  side,  then  d  c  ought 
to  be  the  coated  surface  oh  the  other  side,  in  or- 
der to  produce  the  greatest  efFedl. 

Let  us  suppose  one  side  coated,  d  c,  and  the 
same  extent  of  surface  b  e,  on  the  other  side,  but 
not  opposed  to  it.     If  i  e  is  the  charged  surface, 

the 
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the  column  h  A,  is  greater  than  the  column  A  d, 
snd  the  loss  sustained  in  this  way  will  be  the 
quantity  of  electric  fluid  equivalent  to  the  resist- 
ance of  the  column  a  l\  being  the  difference  be- 
tween the  two  columns  iA  and  h.d.  But  eB 
being  less  than  Be,  to  overcome  the  greater  co- 
lumn, Be  will  require  an  additional  power  equal  to 
be,  the  difference  between  Be  and  Be.  WheO 
the  cokunn,  and  tl^  spaces  on  eacii  side  the 
coated  surfaces,  are  equal,  there  is  less  resistance 
to  overcome,  or  less  power  lost;  and  these  spaces 
can  alone  be  equal,  when  the  coalings  are  direclly 
opposite  to  each  othei'. 

When  a  jar  is  about  half  an  inch  thick,  it 
comes  very  difficult  to  be  charged.  Supposing 
AB  (Fi:^.  q),  to  represent  the  thickness  of  the 
jar,  it  must  appear  evident  that  the  tliickness 
D  C  will  oppose  the  same  resistance  as  if  a  roo* 
derate  jar  were  placed  on  a  glass  plattt  of  that 
tbickr)css. 

The  utility  of  the  coatings  is  evinced  by  tbc 
remains  of  electricity  in  a  jar  after  the  first  dis- 
charge. This  is  called  the  residuum.  Th«  »c* 
c6mdated  eleflricity  in  contadl  with  the  ntetaUb 
coatings,  is  discharged  at  once  ;  but  this  is  hot 
the  case  with  the  portions  of  air  lying  on  Htm 
nncoated  surface.  Although  they  do  not  ccniain 
an  equal  intensity  with  the  former,  they  atill  sirf* 
fice  for  a  second  discharge  when  the  air  is  dr/i 

The 
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jOie  i?esiduum  alone  6f  the  Haarlemi  apparatus 
jknade  by  Mr.  CuTHBE«TsaN>  melted  t^o  feet  of 
wire*. 

From  these  observations^  I  {)fesume  to  infer 

Jthat  fiiU  the  phenomena  of  electricity  depend  on 

^be  surroutiding  air,  and  on  the  mutual  adlion 

,    4nd  re-a6lion  which  subsist  between  them.    Any 

^  ;8uch  adlion  or  re-a6lion  i^  not,  however,  to  be 

'  Uttributed  to  any  pecuHai^-^wer  or  influence  iri 

>eleAricrty  or  air,  except  what  is  common  to  all 

other  bodies. 

Heat,  light,  and  magnetism,  are  principles  only 
fibvident  to  our  senses  through  the  effefts  induoed 
hy  the  different  resistances  they  encounter.  If- 
«iy  .given  space  were  not  to  afford  the  least  re- 
iBifltance,  the  passage  from  one  part  td  another 
Would  be  efFe6led  with  the  utmost  tranquillity* 
It  18,  however,  orddtned,  for  the  wisest  and  be§t 
o£  purposes^  that  from  the  various  resistanceiS 
these  principles  meet  with,  they  should  occasioni 
those  changes  which  are  conducive  to  our  general 
:happines8. 

Thus  the  different  re$istaric6rs  which  bodies>  in 
their  different  states;  furnish  to  heat,  are  pro- 
ductive to  us  of  the  greateist  advantages;  Watei", 


*  V.  Description  d'une  trSs.grapde  machine  ele6bique  place 
clans  le  Maseum  de  TttLv.&,  s(  Haarletn^  par  Martinus  van 
Mabum. 

TOi.  II.  X  when 
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when  gradually  converted  into  ice,  gives  out  a 
.great  portion  of  heat,  whicli  mitigates,  in  the 
animal  and  vegetable  kingdoms,  the  efFetSs  that 
result  from  the  sudden  changes  of  temperature, 
and  prevents  a  loo  rapid  congelation  of  the  wa- 
ter. So  likewise,  in  the  tropical  regions,  water 
raised  up  into  vapour,  abstracts  a  great  quantity 
of  heat,  and  thus  diminishes  its  intensity.  At 
■night,  it  precipitates  it  in  a  gentle  deiv,  and  by 
this  change  of  capacity,  gives  It  out  again,  and 
thus  preserves  an  uniformity  in  temperature. 

Thus  the  varying  state  of  the  atmosphere  seems 
•hi  a  great  measure  to  depend  on  the  principle  of 
ifelectricity.  Volta  and  Reid  have  observed  a 
coincidence  in  the  daily  changes  of  tlie  barome- 
ter, and  the  state  of  atmospherical  eletftricity. 
■As  the  barometer  is-  higher  in  the  morning  and 
-evening  than  in  the  middle  of  the  day,  so  like- 
wise has  the  atmosphere,  at  these  times,  been 
•observed  to  be  more  eledtrical. 

The  variation  in  the  rise  of  mercury,  is  the 
greatest  in  those  latitudes  in  which  the  greatest 
changes  in  the  state  of  eledlricity  are  also  to  be 
noticed. 

At  St.  Helena  there  is  little  or  no  variatioo. 

At  Jamaica  rarely  more  than  j^  of  an  inch.     At 

Naples  one  inch.     In  England  2 J  inches;  and 

at  Petersburgh  three  inches  and  one  third. 

To  this  change  of  capacity  which  each  body. 
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"tn  its  alteration  from  one  state  to  another,  ufai- 
fonhly.  undergoes,  may  be  ascribed  its  peculiar 
arrangement.  All  bodies  in  a  fluid  state,  in 
passing  gradually  into  a  solid  form,  assume  a  re-^ 
'golar  arrangement,  peculiarly  appropriate  to  each 
of  them.  The  symmetry  noticeable  in  crystalli- 
sation is  owing  to  the  influence  of  electricity } 
and  thus,  in  the  aerial  regions,  we  oftentimes  sed 
the  clouds  assume  a  fleecy  appearance,  and  shoot 
out  in  a  crystallized  manner,  merely  through  their 
change  of  capacity  for  eledlricity.  To  this  cause 
the  peculiar  formation  of  hail  *  is  owing ;  and,  in 
a  higher  change,  the  produ6lion  of  snow -f-. 

Not 


*  A  remarkable  instance  of  very  large  hailstones  which  fell 
in  London^  May  18,  1680,  is  recorded  in  the  posthumoti$ 
works  of  Dr.  Hooke.  Dr.  Derham  observes,  that  he  saw 
one  which  measured  13  inches  in  circumference, 

+  The  protection  which  snow  affords  to  vegetation,  is  ascribed 
by  Hassbnfratz  to  a  quantity  of  oxygen  with  which  it  is 

r 

combined. 

Carradori  dbPrato  concludes,  from  a  variety  of  experir 
ments,  that  the  preservative  quality  of  snow  a6ks  indiredly  as 
to  vegetation,  by  merely  preventing  the  effe6b  of  cold.  He 
found  snow-water  to  be  so  totally  deprived  of  air,  that  fishes 
could  not  live  in  it. 

Beroman  remarks,  that  snow  affords  an  indication  of  ni- 
trous acid.  This  may  perhaps  explain  why  shoesi  are  so  soon 
destroyed  by  walking  on  snow  >  seeing  that,  agreeably  to  this 
hypothesis,  effedts  similar  to  those  which  result  from  an  expb« 

T  2  sure 
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Not  only  hert  will  influence  the  capslcitids  oP 
bodies  for  electricity,  but  also  light.  This  is 
peculiarly  observable  in  the  f<^s  which  are  so 
frequent  in  London,  and  which  rarely  com-^ 
thence  till  an  hour  after  sim-rise.  As  w^kter 
€ahri(9t  be  preserved  in  a  vaporific  state  witbrai 
eleiftricity,  so  the  disengagetneht  of  this  prfnciplt 
by  light,  occasions  these  cloudy  ]|>mcipitttfid(B9^ 
Which  continne  till  the  transparency  is  restored 
by  its  re-dissolution*. 

On  the  influence  of  the  same  universd  prin* 
Cfple,  eleftrieity,  depends  the  prodndHon  of  ta- 
rious  itmospherieal  meteors.  In  the  lowte  ie^ 
^ons  of  the  atmosphere,  thunder  and  lightning 


sure  to  a  very  diluted  solution  of  nitrous  acid,  will  take  place 
<m  the  leather. 

The  celebrated  Mr.  Cavendish  has  shewn,  that  azote  is  the 
basis  of  nitrous  acid.  Through  the  influence  of  eleftncity  on 
a  mixture  of  oxygenic  and  azotic  gases,  in  the  conversion  of 
water,  in  a  vaporific  state,  into  snow,  the  sudden  disengage- 
ment of  eledricity  and  heat  may  produce  the  above  acid  in  the 
instant  of  congelation.  If  so,  may  not  this  combination  be 
beneficial  to  ditlcrent  soils  ? — Dr.  Ingbnhousz  experienced 
considerable  advantages  from  the  employment  of  sulphuric  acid 
in  agricultural  experiments. 

♦  May  not  the  peculiarly  offensive  smell  attendant  on  ex- 
tensive fogs,  arise  from  the  water  being  decomposed,  and  the 
nascent  hydrogen  so  readily  blended  with  azote«  as  to  produce 
aaunoob? 

aw 
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are  produced,  by  a  comparative  accumulation  or 
deficiency  ofeledlric  matter  in  the  floating  fields 
of  vapour.  Ift  the  higher  regions,  probably  in 
that  part  of  the  atmosphere  where  it  just  loses 
its  property  of  refle^ling  light,  and  which  is 
easily  ascertained  to  be  about  40  or  50*  miles 
high,  the  little  streams  of  light  called  shooting 
Stars  appear.  That  mad  enthusiast,  Pabacei^us, 
imagined  the  stars  to  be  alive  ;  that  they  ate  and 
firank  ;  and  that  the  falling  stars  were  their  ex- 
cretions. Mr.  ^RYDONE  observes,  that  when  he 
IKWis  at  the  top  of  Mount  JEtna,  they  appeared 
to  him  as  high  as  whien  he  was  standing  upon 
the  pdain.  Indeed,  in  the  case  of  all  remote  ob- 
je6ks,  the  visual  powers  are  not  capable  of  discrir 
minating  the  different  distances,  as  ike  rays  pro<» 
ceed  parallel  from  all  of  them,  so,  with  respe<ft 
to  them,  <the  eye  preserves  the  same  formation. 
Those  which  are  situated  in  a  rare  part  of  the 
^atmosphere,  are  only  visible  to  us  on  a  clear  aud 
t^ne  evening,  and  appear  straight  and  white. 

•  •  -       •  r 

f  ^iB  isascertflined'bj  knowing  the  number  of  degrees  tfat 
sun  is  below  tbe  horizon  at.tbe  end  of  twilight  .5  the  radiusxf 
ibe  e^rth  being  al^  given.  7he  ^eig)^t  at  ,whiqb  A^  .QCi49Q»  to 
r^ed  light  is  thus  easily  ascertained.  Supposing  the  depres- 
sion of  the  sun  to  be  ) 8  degrees^  and  allowing, for  the  horizontal 
fefradion  half  a  degree^  the  height^  by  a  simple  trigonometric^ 
f  rocessj  will  be  44  miles.  '      ^ 

T  3  Still 


V    > 


1 


•   StiH  higher  up>  the  phenomena  balled  A^e4N0a 
app^iur ;  but  how:  they  aie  fonned^  is  not-at'fire^ 
pant'  known^    Some  -persons  have  ingei^ondji 
pOQJedured)  that  a  supernatant  stratum  of  hydiOh 
gra  gas^  of  diminish^  demiity^  mi^  float  on-  tin 
fitm^phere,  like  aetho'  on  water!;    If,  thia  faeiof 
^tt««ipposed,  in  the  line  of  uxiion  of  theaerlM 
airs,  aquantSty  of  eledlricity  shouldbedineingagMij 
pombustion  woi^dtake  plac^aad'wodklheriafMk,. 
Bimicated  matwtaneouiity^  as  -  it  ;w«are^  4»i^bk 
ptopoMfaig  poptionsy  so  as  to  appear  fco  iit?fl9n. 
MM  juld  the  aame  ball^  moving  with  aa  amMhig 
]i;citocity,    la  this  way  may^  perhaps,  be  «vlaiM4 
W^y^Nills  of  this  deqcription  iQ9ve  hoi;i2<»ta%« 
pr^serviQgiiiearly  .the  same  distanoe  firacq^fin^ 
earthy  and  generally  leaving  a  train  of  some  miles 
behind   them.     That  which   appeared  in  17B3, 
was  situated  at  a  height  of  between  6o  or  70 
miles^  and  trav^elled  a  thousand  miles,  at  the  rate 
pf  twenty  miles  in  a  moment  of  time,  frequently 
changing  its  colour  from  a  bright  blue  to  a  dusky 
red.     If,  however,   our  barometrical  calculations 
be  corredl,  the  air  in  these  regions  must  be  4000 
times  rarer  than  on  the  surface  of  the  earth ;  a 
tensity,  that  will  not  suffice  for  combustion. 

Electricity  is  not  only  influenced  by  caloric 
and  light,  but  also  by  magnetism.  This  appears 
evident  from  the  efFedls  observed  in  those  beauti- 
ful luminous  corruscations  termed  the  nqrther^^ . 

lights. 
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lights.     They  were  not  observed  in  our  latitudes 
prior  to  the  15th  century*,  and  were  first  men- 
tioned by  Kepler.     In  the  l6th  century  Gas- 
SENDi   saw  them,  and  gave  them  the  name  of 
aurora  korealis,  which  they  now  bear.     The  great. 
Dr.  Halley,  when  an  old  man,  mentions  with  • 
pleasure,  that,  for  the  first  time,  he  then  saw  those! 
beautiful  streams. 

It  has  been  supposed  by  some,  that  this  phe- 
nomenon is  hinted  at  in  Maccabees  r^.  In  Lu- 
eRETius  tliere  is  a  description  which  bears  some 
little  resemblance  to  them;  but  the  Irabesoi 
Seneca  is  more  particularly  descriptive  of  this 
nature  :  "  Trabes  non  transcurrunt  nee  praster- 
volant  ut  faces,  sed  commorantur  et  in  eadem 
parti  coeli  collucent."     If  these  were  the  same  ad 


*  They  were  first  observed  in  1574,  November  14.  JJa 
others,  of  any  particular  brilliancy,  occurred  till  March  6,  \7\Q, 
when  several  of  them  appeared  for  three  successive  nights,  and 
were  observed  in  England,  Ireland,  Russia  and  Poland;  extend* 
ing  nearly  30  degrees  of  longitude,  estimating  the  first  meridian 
at  London,  and  about  30  degrees  of  latitude.  Th^y  were  con* 
sequently  visible  all  over  Europe. 

f  B.  ii,  c.  5.  "  Through  all  the  city,  for  the  space  of  40 
days,  there  were  seen  horsemen  running  in  the  air  in  clothes  of 
gold,  and  armed  with  lances,  like  a  band  of  soldiers,  and  troops 
of  horsemen  in  array,  encountering  and  running  pne  against 
another,  with  shaking  of  shields,  and  multitude  of  (nkes,  and 
drawing  of  swords^  and  casting  of  darti^  and  golden  onuuneots 
andbamcM/*. 

t4  our 
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our  northern  lights,  the  very  accurate  obserTers, 
Aristotle,  Seseca,  and  Pltny,  never  mentioned 
their  particular  direiftion.  Thev  might  be  some- 
thing similar  to  those  lambent  corniscations 
which  are  frequently  seen  in  and  about  the  Le- 
vant. Dr.  P0C0CK.E  tells  us,  that  when  he  was 
in  the  Holy  Land,  he  and  his  companions  saw  4 
gentle  light  approaching  towards  them,  encircling 
them  in  its  luminous  embrace.  In  receding,  it 
expanded,  and  enlightened  many  acres  of  the 
adjacent  fields.  Such  little  streams  were  fre- 
quently observed  attached  to  the  masts  of  ihe 
vessel  in  which  they  sailed.  The  ancients,  wh(^ 
were  superstitipus  in  all  celestial  observations, 
when  only  one  luminous  streani  appeared,  called 
it  IJelenn,  as  emblematical  of  an  approaching 
storm,  ^hen  two  were  united,  or  playing  to- 
gether, they  deemed  their  voyage  safe.  These 
SKteiabte  twins  they  named  Castor  and  Pollux. 

With  resped  to  the  aurora,  it  happens  rarely 
that  its  corruscations  <*xtend  to  50  degrees  of  la- 
titude. Why  it  should  not  have  been  seen  be- 
fore, is  in  some  measure  explicable  by  the  obser- 
vation, that  the  vertex  of  these  corruscations  al- 
ways corresponds  to  the  line  in  which  no  varia- 
tion  is  marked  by  the  needle.    This  line  vwiest 


*  SiBASTiAR  CaIbot,  10  ISOO,  discoTered  the  vaTiation  t£ 
die  magnedc  needle.    He  merelj  supi>osed  it  to  dificr  in  dif- 


in  its  direfiion^  and  is  supposed  by  Dr.  Hallet 
Jo  perform  a  revolution  in  about  6  or  700  years^ 

In  17  50,  Mr.  Wargentin  observed  that  the 
needle  was  disturbed  when  the  corruscations  were 
yery  brilliant.  Wilcke,  Van  Swinden,  and 
DalI'on,  have  proved  in  what  manner  magne- 
listn  may  be  disturbed  by  eledlricity^. 

About  five  or  six  years  since  the  northern 
lights  were  yery  visible  to  us.  As  the  line,'  in 
Srhich  there  is  not  any  variation,  is  at  this  period 


^erent  latitudes  ^  but  pur  countryman,  Mr.  Gellebrand,  first 
^scertaifljed  that  it  even  varied  at  the  same  place.  In  1580, 
Mr.  BuRRowEs  observed  it  at  Limehouse  11**  15'  Eastward.—^ 
Mr.  GuNTER,  in  the  same  place,  in  1022,  observed  it  6**  13'  E. 
In  leei.  Dr.  Crome  found  it  45^  30"  W.  of  the  North  Pole: 
pXiA.  fiin^  that  period  it  has  been  gradually  increasing,  and  is 
jiow  about  23*i-  W.— On  account  of  this  variation,  to  ascertain 
.whidi  is  of  the  greatest  importance  to  mariners,  an  azimuth 
compos  is  employed. 

*  The  magnetic  declination  seems  to  undergo  a  diurnal  va* 
Tiation  with  the  state  of  eleftricity,  as  pom  pared  with  the  baro- 
pietrical  change,  the  afternoon  declination  being  generally  dif- 
jferent  from  the  forenoon  declination  of  the  same  day.  From 
many  ingenious  experiments  made  by  the  celebrated  Mr. 
Canton  in  I7^9i  it  was  found  that  the  declination  was,  in 
the  course  of  the  observations  of  an  entire  year,  increased  about 
30  or  12  minutes  of  a  dc|;ree.  This  increase,  he  observed, 
Jbappened  principally  in  the  summer  months,  the  needle,  during 
^irinter,  being,  10  a. great  measure,  stationary. 

yide  Pr.  ItoaxMXR  on  Magoctism^ 

,       .  ■      .<  •        .  .   •    . 

over 
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over  the  Atlantic  Ocean,  and  as  the  northern 
lights  can  only  be  seen  after  sun-set,  that  par- 
ticular part  is  below  the  horizon ;  and  therefore 
will  not  be  visible  to  us  for  at  least  300  years*. 

Whether  electricity,  magnetism,  or  caloric, 
ever  exists  in  a  pure,  uncomhined  state,  cannot 
be  ascertained.  Their  various  degrees  of  union 
will  however  be  influenced  by  constant,  operat-" 
ing,  mechanical  laws.  If,  after  tlie  celebrated 
^piNUS,  ive  suppose  that  caloric,  eledtricity,  and 
magnetism,  are  three  distinct  principles  differing 
in  their  gravities ;  that  caloric  is  the  iieaviest» 
electricity  the  next  heavy,  and  magnetism  the 
lightest :  if  we  consider  them  in  this  poiirt, 
of  view,  the  following  arrangement  Vi'iH  Uk^ 
place,  from  the  laws  of  centrifugal  molion. 
While  the  earth  revolves  round  its  axis,  all  mat- 
ter attached  to  it,  whether  directly  or  indire^ly, 
will,  by  the  aerial  communication,  participate  in 
the  same  motion.  Matter  will,  when  in  motion> 
have  a  tendency  to  recede  from  the  centre  in 
proportion  to  its  momentum.  Now,  as  the  mo- 
mentum is  the  quantity  of  matter  multiplied  by 
the  velocity,  the  substance  which  is  the  heaviest 


*  Tbrough  a  telescope  tube  fitted  up  with  proper  dia- 
phragms, the«c  lights  may  be,  however,  sctn  in  thp  day-timo. 
£y  thus  preventing  all  lateral  light,  we  arc  then  epablc4  to  di^ 
linguigh  them  as  clearly  as  any  particdar  star. 

will 


THEORY  OF  ELECTRIC  PHENOMENA*         283 

will  occupy  the  most  remote  part.  As  it  is  evi- 
dent that  the  equatorial  parts  of  the  earth  are 
the  most  remote  from  the  axis,  in  this  case  the 
axis  of  the  earth  is  to  be  considered  as  the  centre 
pf  her  diurnal  motion ;  and  the  nearer  we  ap- 
proach the  poles,  the  less  is  our  distance  from 
the  axis*.  Upon  these  principles  caloric  being 
the  heaviest,  will  occupy  the  tropical  regions ; 
eiedlricity  the  temperate  zones ;  and  magnetism 
the  polar  or  frigid  zones. 

Such  a  division  appears  in  reality  to  exist. 
When,  therefore,  in  the  northern  regions,  any 
change  takes  place  in  the  capacities  of  any  aerial 
mass,  as  to  eledlricity,  this  principle  being  disen- 
gaged, will,  from  the  laws  of  motion,  as  being 
heavier  than  magnetism,  dispossess  the  latter  of 
its  situation,  and  pass  on,  radiating,  until  it  ar- 
rives  at  a  part  where  it  is  balanced  by  resistance. 
In  passing  in  this  magnetic  diredlion,  the  vertex 
must  correspond  with  the  line  of  variation  of  the 
magnetic  needle. 

WiLCKE  has  observ'^ed,  that  needles  acquire  po- 
larity by  eleftricity.     He  found  the  South  Pole 

♦  Supposing  the  circumference  of  the  earth  to  be  24,000 
miles,  as  a  revolution  takes  place  in  24  hours,  an  inhabitant  on 
the  equator  will  move  after  the  rate  of  1000  miles  per  hour. 
Jn  the  latitude  of  England  the  motion  will  not  be  more  than 
600  miles  in  the  same  time ;  and  at  the  poles  it  will  be  no- 
thing. ♦ 

to 
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to  correspond  with  the  part  of  the  needle  whicli 
refers  to  the  positive  communication ;  and  the 
North  Pole  with  that  which  refers  to  the  nega* 
tive.  Notwithstanding  M.  D'Alibabd  contra- 
dicts this^  the  very  ingenious  Beccabia  observes^ 
that  if  we  place  a  needle  in  the  mugnetic  mm^ 
dian,  the  extremity  towards  the  North  will  be- 
come the  North  Pole^  and  the  one  which  is  di- 
reeled  towards  the  Souths  the  South  Pole^  upon 
sending  a  powerful  charge  of  ele<9:ricity  through 
it.  When  the  needles  were  perpendicularly 
placed,  he  always  found  that  the  inferior  extre- 
mity became  the  North  Pole.  Van  Mabbdi^, 
assisted  by  the  celebrated  Van  Swinden,  tried 
yarious  experiments  on  watdi-springs  of  3,  6, 
and  g  inches  long,  liaving  |  and  |  inch  in 
breadth,  and  about  a  line  in  thickness.  Wlien 
they  were  placed  in  the  magnetic  meridian,  it 
was  indifferent  which  end  was  conuecled  with 
the  positive  side  of  the  battery,  the  one  which 
pointed  towards  tlie  North,  invariably  becoming 
the  North  Pole.  When  they  were  sent  through 
a  magnetised  needle,  placed  reversed  as  to  its 
poles,  not  onlv  the  magnetic  power  of  the  needle 
became  greatU'  diminished,  but  frequently  the 
poles  cntirelv  chaiijxed.  When  a  needle  was 
placed  perp:ndicui!irly,  it  was  invariably  found 
that  the  inferior  p.irt  always  became  the  North 
Pole,  agreeably  ti3  th.e  experiment  of  Beccaria. 

A  weak 


A  wedk  magnet,  thus  situated,  had  itd  poles  ra- 
irersed*  Wh^u  the  needles  were  placed  in  the 
im^nettc  meridian^  they  did  not  acquk^  more 
force  than  when  they  were  perpendicularly  ele^ 
▼eted ;  aiid  a  second  discharge  often  destroyed 
thefiffeA  of  the  first.  When  the  di^diarge  wm 
so  powerful  as  to  heat  the  ^et^l,  it  was  rendered 
flMtgnetical  in  a  very  slight  degree ;  and  when  it 
WW  placed  in  the  magnetic  equator,  it  had  rm 
power  at  aiK  Beccaria,  who  also  tried  this  ex- 
periment, HDbserves  the  whole  of  the  side,  through- 
out its  length,  became  the  North  Pole.  When 
the  acGumiilited  ele6lricity  w»s<lisdidrged  throiagb 
tt6  ^H-eadth,  the  extremities  acquired  a  greater 
power  than  in  aSf  of  the  preceding  ca^es ;  the 
Western  extremity  becoming  the  North  Pole,  and 
the  eastern  the  South  Pole. 

On  the  influence  of  this  universal  principle 
e{  eleiSricity,  water-spouts  seem  to  depend.  Df, 
Stuart,  who  has  given  some  excellent  fepresen.^ 
Nations  of  water-spouts,  supposes  the  water  to 
have  been  drawn  up  by  su6iion.  Dr.  Frankliit 
<sonj^<^ures  that  a  vacuum  is  induced  by  concen- 
trated currents  of  air,  and  that  the  water  is  thus 
pressed  up.  Sennebier  remarks,  that  they  occur 
so  rarely  as  to  preclude  an  accurate  investigation 
^  them.  MicHAUD  has  given  an  account  of 
WEoe  carious  water-spouts  he  observed  at  Nice, 
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in  December  17S6.  On  the  day  to  which  he 
refers,  a  very  violent  storm  of  %vnid  arose,  at- 
tended by  extreme  cold.  Early  in  the  morning 
he  observed  a  round  space  of  about  ten  or  twelve 
fethoms  in  diameter,  at  the  distance  of  a  musket 
shot  from  the  shore,  in  which  the  water  seemed 
almost  disposed  to  boil.  It  moved  before  the 
wind  towards  the  shore,  and  then  overset,  under 
the  appearance  of  a  long  train  of  mist,  and  was 
speedily  dissipated.  At  noon  another  fine  water- 
spout appeared,  so  large  as  to  suffice  to  cover  a 
man  of  war  of  the  first  rate,  with  all  her  sails 
outspread.  The  lower  part  assumed  the  appear^ 
ance  of  the  crater  of  a  volcano,  and  the  water 
was  elevated  in  parabolic  streams  from  the  centre 
to  the  circumference.  While  this  was  noticed, 
an  impetuous  shower  of  hail  took  place;  upon 
more  minute  examination  they  appeared  to  be 
lar^  flakes  of  snow,  rounded  by  the  wind  iq 
their  fall.  The  water-spout,  in  moving  towards 
the  shore,  gradually  contrai5ted  in  its  dimen- 
sions, the  base  being  reduced  to  nothing  when  it 
touched  the  shore,  and  the  upper  part  having 
become  broader  and  more  rare.  At  length  the 
whole  joined  the  mass  of  clouds,  in  the  same 
manner  as  one  mist  incorporates  with  another.  . 
Water-spouts  are,  in  general,  about  the  size 
of  the  mast  of  a  large  ship.     Dahpier  relates 

his 
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his  having  seen  one  so  large,  that,  on  its  pro- 
gressive motion,  it  passed  over  a  ship  becalmed 
on  the  coast  of  Guinea,  and,  having  laid  her  on 
her  broadside,  carried  away  her  fore-mast.  An 
instant  after,  it  passed  to  the  other  side  and  car- 
ried away  her  mizen-mast.  It  has  been  fre- 
iquently  observed,  that  in  the  dispersion  of  these 
water-spouts,  light  appears. 

From  these  circumstances  it  would  seem  that 
these  columns  are  formed  by  ele6lricity.  I  have 
already  observed,  that  the  capacity  of  air  for 
electricity  becomes  increased  by  the  addition  of 
caloric ;  and  it  may  probably  happen  that,  under 
some  circumstances,  changes  of  temperature  may 
take  place  in  such  a  way,  as  that  eledlrical  co- 
lumns may  be  formed.  If  ojxe  of  these  columns 
should  pass  over  the  water,  the  same  efFecSls 
would  take  place  as  if  an  exhausted  tube  were 
Rationed  there.  Water,  being  a  condudlor,  is 
not  resisted  in  its  ascent ;  and  hence  the  outer 
air  will  force  it  to  the  height  of  thirty  feet,  or 
until  its  column  becomes  a  counterpoise  to  its 
pressure.  The  water  it  contains  has  never  been 
observed  to  rise  higher,  when  the  spout  arrives 
at  the  shore.  In  proportion  as  the  base  of  the 
spout  contrads,  the  resistance  in  the  point  of 
contaiSl  becomes  the  least ;  and  when  the  elec- 
tricity is  removed,  the  air,  rushing  in  first  at  the^ 

base. 
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base,  and  then  upwards  within  the  coliima,  oC^ 
casions  the  dilatation  *. 

If  these  columns  fall  on  a  surface  of  thecaith 
covered  with  non-conducting  substances,  such  as 
the  scorched  sands  of  Arnbia,  the  sands  are  then 
elevatal,  moving  along  with  the  wind,  and  con- 
stituting what  are  called  the  moving  pillars  of  the 
desart.  In  those  burning  climes,  the  air  is  so 
dry,  and  at  the  same  time  insulated  frooi  the 
earth  by  the  parched  sand,  that  large  extents  of 
eletStric  matter  move  almost  in  a  pure  uncom- 
bined  state,  appearing  like  a  blush  in  the  hea- 


*  la  large  water-spoats  of  ihis  description,  the  pressure  most 
be  very  extensive,  if  produced  in  this  manner.  Some  idea  of 
ihin  rmy  be  conceived,  \ri3en  it  is  cuivsiderfd  that  the  aerial 
pfessnre  is  equivalent  to  15  lb.  upon  every  square  iacti.  Sap* 
posing  3  water-spout  of  sixiatbams,  or  tbirty-sixfxt,  in  diat 
meter,  its  pressure  on  a  vessel  would  be  niwe  ihan  1000  tua. 

In  various  parts  of  the  globe  are  observed  what  arc  called 
tkiry-riiigs.  Tliese  consist  of  scorched  annular  marks  on  tbd 
grass,  about  four  or  five  yards  in  diameter,  and  were  fortnerly 
conjeflured  lo  arise  from  the  glowing  feet  of  the  little  fairiei 
dancing  in  a  ring.  Mr.  Nicholsoh,  in  bis  raluaUe  Jonroal^ 
has  described  several  be  obienred  in  KentiOgtnn  Gwdeiu, 
These  rings  appear  to  be  formed  by  a  discharge  of  elcAiic 
Batter  j  aud  since  cQmbustion  cannot  take  place  wiihonl  .pure 
air,  at  the  same  lime  that  eleSriclty  always  displaces  air,  the 
pari:hed  surface  must  be  confined  to  the  boundaries  of  die  elcc^ 
trical  column,  or,  in  other  words,  to  the  pointswhere  it.imitei 
itself  witli  the  air. 

Yeas* 
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vens,  and  producing  all  the  efFedls  of  an  abstrac- 
tion of  air,  by  suffocating  every  animal  exposed 
to  tbeir  influenCB.1  /:^e^ !(^£it©l  and  dromedary 
bury,  instindively,  the  nose  in  the  sand,  and 
lh#.  inhabitants  ^  %t  chi  the  %e|  1^0  gvoid  >]bfei- 
iflg.isnjQgi^r^e^  ip.t^be  eledjric^  ^jkd^-  Iq. thi^ifi^te 
'^jt  o€Qa^GV^ .sjuoiit  de^mpositiQjfif  v.m^'-  donobuia* 
i^W^^f  that  ita  effeiila  are  fe^t  ticroas  jth6  JVfedi-^ 
t0rran6an  a$/ar..as  the  shon^  of.Ital.y>  foriiMng 
the  Siroco  of  Volney,  or  the  Simoom  of  ^Uce. 


of  •atmosphecic  air  cap,  by  the  iofineqce  of  ele^trioity.  be 
converted  into  an  active  acid.  In  our  chemical  iqquiries,  .we 
tiif^ateiiidtistrate'th*  pb^er  of  etearidfy  in  decoftiposittg  ^^m- 
hiotiia'into  Us  two  componexrt  gkses,  Vi^.  hydh)gfeii  and^azitiM.  ^ 
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CHAP.  XXIII. 

TAe  principle  of  galvanism  explained;  toitk  a 
review  of  the  different  theories  which  have  sug- 
gested themselves  to  physiologists — Discovery  of 
the  decomposition  of  water  by  the  galvanic  pro- 
cess— Chemical  discoveries  to  which  it  may  give 
rise. 


WHEN  this  surprizing  principle  was  commn- 
nicated  to  the  world,  in  the  mode  which  has  been 
already  described,  physiologists  conjectured  that 
it  might  lead  to  very  important  inquiries  relative  to 
the  nature  of  nervous  energy.  The  idea  which 
had  previously  been  suggested  by  Watson, 
Fheake,  Shebbeakb,  and  others,  that  eledricity 
is  an  important  agent  in  the  animal  economy, 
had  received  some  additional  support  from  the 
experiments  of  Mr.  Walsh  on  electrical  animals, 
and  from  the  physiological  remarks  of  Mr.  Hum- 
TER.  Plausible  as  such  theories  appeared,  many 
difficulties  presented  themselves  totheeledtrician. 
At  that  period  no  idea  could  be  formed  of  an  ac- 
cumulation of  el&flricity  in  any  substance,  with- 
out such  a  substance  being  insulated.  As  the 
nerves  are  enveloped  by  good  condutS^ling  media, 
the  supposition  of  any  partial  acaimulation  in 
them, 
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tliAin^  appeared  contradii^ory  to  the  phenomena 
of  eledlricity. 

By  the  earliest  discovery  of  Galvani,  relative 
to  the  influence  of  ah  eledtrical  spark*  on  the 
musciilAr  fibres  of  a  frog^  it  naturally  appeared  to 
hhn  that  this  inflaence  was  produced  by  the  dis- 
turimnee  of  the  ele^hicity  in  the  surrounding  air.^ 
His  subsequent  discovery  of  the  remarkable  ia-; 
fltMmce.  of  two  dissimilar  metals,  led  him  to  the 
theory  which  he  afterwards  adopted. 
.  Having  noticed  a  peculiar  sensibility  in  the 
muscular  fibres  of  the  fr og,  which  he  found  sus- 
oeptible  of  being  a&ed  upon  by  the  minutest  por- 
tion of  de^ricity,  he  was  stimulatiBd  to  farther 
iaquiries.  Haviqg  one  day  suqiMd«4  >  f^  on 
the  iron  palisadoes  contiguotls  to  his  iiofbei  for  the 
oonvenieiicy  of  disse&iony:  and  a  silver  prdbe 
which  he  employed,  now  and  then  casually  touch** 
ing  the  palisadoes,  he  was  sHrpriaed  to  find  that. 
Sit  every  conta^,  the  muscles  were  thrown  into 
ad^iPiu  As  he  soon  pei^c^yed  tlwit  the  same 
efi^s  were  not  produced  when  his  scissars  or 
forceps  fonned  the  medium  between  thefrogand 
the  iron  railing,  be  was  led  to  susped  that  the 


*  The  frog  was  placed  at  some  feet  distance  from  the  ma- 
chine i  and  the  spark  hnving  been  received  by  one  of  Gal* 
vjtin*s  pupils,  its  passage  disturbed  the  eledricity  in  the  sur- 
Touo^ng  air. 

U  2  convuU 
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conviilaionB  were  produced  by  the  influence  of 
two  different  metals. 

Had  Galtahi  observed  th»  influence  of  ditti- 
lAilar  metals  prior  to  his  dtKOOvcry  of  the  gttat 
sensibility  of  the  irtugcfliar  fibres  te  the  mitinteBt 
porticAis  of  electricity,  he  would,  probsbty, ;  h>ve 
atUribilted  the  Cauee-'tO'  the  igency  of  some-ottter 
prSwdpIe."  ■■;.!' 

"l'h«^«*>tiMaHcab1e  phaw>mena  having -exaitet 
the  attention  bf-'philosophers,  expenments'irert' 
Aver^^ed^,'    afid    diligent   «oncIuaiona, 'dn^. 

GaLVANI,  VAXLIf  AlDIHI,  VAS6AtLI,  afld'  OOR- 

KAWrfr, 'deeded- thfe-g«tviwic  principle  tttbe 

ia»#)tiijiftl^(i'i^h  '  thd'  ele^yiest  .pHA<'ip)^';  whSe 
P^xBA,-  (^XLlb  and  CfiWil-^iipptKed  it  to  be 
d^indi[^«Afl«og^ther  didtindti'- 
-''tt  >lstlKMfecessary'in  thiS'phce  to  recapitulate 
tHeS4jhtim6titBof  Aese  f^ysiologists,' their  r^espec- 
ti^^ 'theories  haying;  heffn  already  particBlarned. 
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tion  of  the  ele^icitl  equi|ibHun)i  a^d  coi^|e£hire8 
that  the  interposed  fiuid^nswer^  no  othtf  purpose 
than  th^t  of  a  conducting  mediupi ;  while^  oa 
the  contrary,  Fabboni,  Qr.  Ashi^^  ^nd  others, 
apprqhend  certain  chieinical  changes  to  be  eSd&ed 
by  the  fluid  employed,  and  suppose  the  eledfl- 
city  given  out  to  be  oierely  a  ch^mi^I  ^olutiQA. 
In  ascertaining  the  influence  of  s^  stimplf  g^lr 
vanic  combination  on  animal  substance^^i^  j:>o  pi\e 
has  been  more  industriously  engaged  than  jth6 
celebrated  Humboldt,  a  philosopher  whose  ^Vr 
dour  for  knowledge,  and  whose  capacious  n)in^^ 
have  embraced  almost  the  wholQ  cin^lQ.qf  Jtho 
sciences,  and  who,  on  whatever  grpwn^l  Ij^jilW 
trodden,  has  enriched  it  with  his  fruitful  remfvfkp. 
Notwithstanding  h^  .  has  oqcftsi^[iaUy'  .^^dored 
iato  the  wild  field  of,  conjo^ur^i'-fttyi  hifl  -qpk^ 
oeptiona  operate  upon  the  minii  q(  thj^  ^t^i^itiw 
nsdev,  andi,  like  the  collisions  of  flitifc;«n4^teQl| 
strike,  out  a  new  train  of  pleasing  id^f.  >•  n  > :  -rA 
'  In  the  science  of  galvanism,  Vox.74>  deoQifVQflljF 
claims  the  pre-eminence.  In  th^  earli^rvpW^ 
of  its  discovery,  his  penetrating  mind/inioely 
ascertained  the  elei^rical  balance  in  diffenentmi^r. 
taUic  bodies ;  and  the  disturbance  occa^iQned=  by 
their  conta<^,  was  evinced  by  his  debcate  ele^trQ*- 
accgpe.  Unfortunately  science  has  not  yet  t>eea 
tnriched.  with  a  distinct  work  of  this  eminent 

.     :U3  philo- 
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philosopher  on  animal  eleftricity.  His  discovericR 
and  sentiments  have  merely  been  communicated 
to  the  world  through  the  medium  of  the  phili 
sophical  journals.  His  communication  to 
Joseph  Banks,  the  distinguished  patron  of 
sciences,  gave  to  galvanism  an  importance  it 
not  before  possess.  Although  the  effetSs  pn 
duced  by  the  comatS  of  two  dissimilar  metats 
had  excited  considerable  notice,  still,  from  their 
being  so  limited  in  their  application,  the  public 
interest  was  diminished  to  such  a  degree,  that, 
at  the  time  of  Volta's  discovery  of  the  accu- 
mulation of  the  eletSric  fluid,  by  galvanic  pro- 
cesses, galvanism  had  almost  sunk  into  obli- 
vion. 

This  discovery  forms  a  distinguished  and  il 
teresttng  epoch  in  the  science  of  galvanism.  Iff 
the  same  way  as  Volta  had  expliuned  the  effects 
of  two  dissimilar  metals  upon  a  principle  which 
he  termed  moto-ele^h-ics,  so  also  the  series  of 
galvanic  combinations  he  denominated  a  moto- 
eleBrical  apparatus. 

Philosophers  soon  perceived  the  extent  of  the 
application  of  this  principle,  to  the  explanation 
of  many  physical  phenomena.  Although  Crbve 
had  first  shewn  that  water  i*  decomposed  by  the 
simple  galvanic  operation,  this  was  still  more 
completely  efietSed  by  the  ingenious  esperiments 
of  Messrs.  Nickolsok  and  Cablislb.  Mr, 
Davi 
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Davy  ^^  although  he  has  not  enriched  the  scaenoe 
of  galvanism  by  any  new  discovery,  has, :  not*- 
withstanding,  been  of  essential  service  in  re-^ 
ducing  it  to  some  kind  of  system.  The  powers 
of  galvamsm,  as  a  chanical  agent,  are  found  to 
be  very  extensive.  As  all  chemical  decomposi- 
tkms  ^lepend  upon  the  exility  of  the  agent  em* 
ployed,  and  as,  in  general  chemical  prooeases^ 
this  agent  is  caloric ;  by  the  employment  of  a 
|Mrinciple  still  more  adive  and  subtile,  our  ana* 
iyses  are  likely  to  be  more  oorre&.  Galvanitm 
indeed  holds  out  very  flattering  prospedls.  By 
its  influence,  decompositions  aie  effeiSed  which 
were  in  vain  attempted  by  caloric.  Hbkby,  of 
Manchester,  has,  by  its  means,  divided  the  con- 


*  The  circumstance  of  a  galvanic  combination  formed  of 
one  metal  and  two  dissimilar  fluids,  which  has  been  deemed 
tSie  dtscDvery  of  this  ingenious  professor,  was  first  oommuni* 
cated  by  Volta  in  1794,  in  a  letter  to  Vassaixi,  and  which 
vras  published  by  Grkn  in  his  Natural  Philosophy.  It  ii^ 
however*  very  probable^  that  Mr.  Davy  might  not  have  known 
this,  and  that  he  is  therefore  equally  entitled  to  the  merit  of 
the  discovery.  Thus,  the  chemical  apparatus  of  Wovlfb  is 
now  weH  known  to  have  been  described  by  Glavbes.  The 
expeiimeots  of  Pictbt  on  heat  and  oold>  were  published  more 
than  a  century  ago,  by  the  Florentine  academicians  $  the  culi- 
oary  discoveries  of  Count  Rumford  are  detailed  in  an  old  G^r* 
man  work ;  and  in  many  parts  of  Germany  Mmilar  economical 
stoves  had  been  erected  near  a  century  ttgo,  and  are  called 
iparrqfens, 

u  4  stituent 
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parts  of  ammonia,  and  exhibited  the 

I      [1   and    azote    in    their   separate    states. 

uicKSHANKs  has  ptoduced  the  arbor  Dianx; 

Skugnatblli  his  metallic  eie^lrats.     Guy- 

n  his  observations  on  the  sulphuret  of  an- 

supposes  galvanism  to  have  a  considera- 

;nce  in  the  mineral  kingdom.    He  thinks 

)  eIow  and  progressive -results  of  affinitiee 

be  into  aiStion  1  '^  the  galvanic  fluid. 

:t         Icryslalograpbist  HaUy  discovered 

ict  ^ranean  electricity ;  aed  th« 

g       !KE8  ol       CHTEMBERG  hnvs  demonstrate 

i'  tbc  beautiful  configurations  pro- 

s  eledircphorus.     It  is  probable  that 

galvanisin  may  be  considered  as  a  grand 

liuneralizing  agent. 

J,t  would  seem  that  most  of  the  silent  Qpera" 
itjpfls  of  IS^ature  are  occasioned  by  the  disengage- 
vimat  of  this  subtile  prinpiple.  In  iu^nii^^ 
4M>dieti,  -  it  enables  us  to  ascertain  whether  they 
#e'  compound  or  simple  substances.  By  its 
means  we  can  determine  whether  two  tnetals  fire 
dissimilar  or  not;, whether  metallic  sulfuresqqt^- 
tain  the  metal  in  its  reguline  or  p^ydated  ^^  \ 
or  whether  ia  any  give  nsubstance  carbcHi  *.'«»/« 
constituent  part.  r  i;./ 

Stosa 

\-  *  It  ti  wocihf  of  remark,  that  cnrbou  au4  octnls  iieKinUf 
each  other  as  to  their  varying  capacities  for  ele^riciry.     Bft)!^ 

of 


•From  a  variety  of  circumstances  it  uppears 
that  this  principle  is,  above  all  others,  a  stimulus 
to  tbt  fuTK^ioDa  of  the  anixpal  economy.  Th^ 
construifiion  of  the  animal  organization  tend§ 
to  prove  that  its  arrangement  is  calculated  for 
the  employment  of  such  a  principle.  To  an 
important  purpose  of  this  nature  seems  to  be 
devoted  the  function  of  respiration.  As  fluids 
are.  imperfe6l  conductors,  carbon  is  diffused 
through  the  venous  system,  and  only  undergoes 
its  changes  in  the  lungs,  where  the  principle  of 
deAricity  is  imparted  to  the  blood,  by  which  it 
is  enabled  to  stimulate  the  left  ventricle  of  the 
heart''^. 


^wywT^T^'K'M    '!■    '■'■ ifir 


f(  ihem,  in  their  itaiural  state,  are  good  condudors  pf  elec*- 
triqity,  but,  wheu  combined  with  oxygen,  each  of  them  |a^e? 
its  conduding  quality.  All  the  oxyds  of  metals  arq  non- 
con^clors;  and  charcoal,  when  combined  with  oxygen,  in 
the  form  of  carbonic  acid,  or  when  constituting  a  true  oxyd  of 
carbon,  as'ia  tke  diamond,  is  no  longer  a  conda^or.  It  ig 
tiouhted  by  looic* ! whether  the  diamond  is  an  oxyd  of  carbep. 
7lKN|f4NT  thintL9  it  is  chrystallized  carbon,  and  VAuauEL^i 
pvirc  carbon. 

*  About  four  years  iigo  I  read  a  paper  at  the  Physical  Society 
at*  Out's  Hospilal,  in  which  I  attempted  to  prove  that  respira- 
tion is  no(fc  tUc  cause  of  animal  heat;  but  that  the  operation  of 
Ctiekrogs  japfears  to*  resemble  a  torpedinal  ad  ion,  and  i&  ptOh 
krioiy  jarnai^ed  for  the  elicitaiion  of  some  elei5trtca|  principle. 
Si^oe  that,  time  naany  new  es^perimeuts  have  occurred,  which 
have  added  additional  force  to  t|)is  supposition,  and  which  wiQ 
be  particularized  in  the  sequel  of  the  present  work. 

As 
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As  the  animal  body  has  its  non-condufling 
iticle,  so  the  vegetable  kingdom  possesses  its 
equally  resisting  epidermis,  with  which  the  leaves 
and  stalks  of  plants  are  guarded.  The  vegetable 
Is  are  smroiinded  by  a  non-condu<Sing  velvet 
Envelope,  while  the  internal  cellular  and  paren- 
Ishymatous  substance  admits  it  ready  difHision. 
It  has  already  been  shewn,  that  no  chanj 
in  take  place  in  conducting  bodies,  without* 
wmilar  variation  in  their  capacities  for  eleflricity. 
Thus,  in  the  animal  frame,  any  part  being  under 
a  state  of  morbid  derangement,  its  capacity  for 
(Bleftricity  will  vary  also  ;  and  thus,  by  a  judicious 
application  of  this  stimulus  of  nature,  considerable 
good  effedts  may  beexpefled.Themost  indubitable 
instances  have  already  been  given  of  the  blind 
and  deaf  recovering  their  sensory  powers  ;  cf  the 
■jjaralytic  patient  being  restored  to  his  propei 
sensibility,  and  of  rheumatic  aftedtions  being 
almost  instantaneously  removed.  Its  direct  k 
fluence  on  the  principle  of  life  has  been 
proved,  by  its  restoring  deranged  persons  to 
enjoyment  of  sense  and  reason,  and  coim' 
acting  the  dreadful  e{Fe(fts  of  hydrophobic  irril 
tion.  Galvanism  appears  to  be  an  energising 
principle,  which  forms  the  line  of  distin<£lion 
between  matter  and  spirit,  constituting,  in  ti 
great  chain  of  the  creation,  the  intervening  li 
.between  corporeal  subst^ce  and  i\ie.  essence 
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vitality.  By  this  cursory  view  we  may  perceive 
the  very  extensive  range  of  the  influence  of  this 
principle ;  and  if,  at  so  early  a  period^  so  much 
has  been  ascertained,  what  may  not  be  expected 
from  the  united  efforts  of  those  who  are  interested 
in  tiie  progtess  of  the  sciencet^ 
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On  simple  gah!a74(ifOf;j!iit(iliQ»tr-rTiie.arra^e- 
ment  of  metals  which  forms  the  most  perfeS 
combination — Galvanism  and  ekBricity  identi- 
cally the  same  principle — Tlie  di^erent  modes  ijt 
which  they  ore  produced — Haw  far  the  develop- 
ment of  eleSricihj  is  a  cliemical  process^-The 
in^uence  of  dissimilar  metals  on  the  muscles  of 
a  frog — /^?i7/  two  different  melals  may  form  a 
galvamc  cojnbination — Table  of  condutlors  and 

wjum-jonditSors. 


TWO  dissimilar  metals,  and  an  interposed 
fluid ;  or  a  single  metal,  exposed  to  the  aflion  of  . 
two  different  fluids  ;  or  any  one  of  the  condudHng' 
substances  on  which  unequal  actions  can  be  in- 
duced by  different  fluids,  constitute  a  simple  gal- 
vanic combination. 

A  series  of  such  combinations  is  denominated 
a  galvanic  battery. 

When  two  metals  are  employed,  they  produce 
the  greatest  effect,  when  the  particular  quality  of 
one  of  them  renders  it  extremely  difficult  of 
oxydation,  while  the  other  unites  with  oxygen 
with  the  greatest  facility. 

-4AH5  If 


laid,   under    the-^offiilww.  tftaf>pfer^t®^  <>f  .th^ 

i»«}eafkai»d'byctb«  ds^ 

If,  upon  a  similarly  moisten^el.fi^rffipepfis^^ifii 

p^tfte^i  eiiiti  be;  f^l^4/iAt  ^e;  en<i^  of  ti^^  ^  three 
•d^entfae  a^fiic^of  It?^  8|tee^^m  be  fotir^  eo^red 

vi^it&^.iQ^bi^/pQWderyVv^bichiba^  been^a9Q$rt4ined 
to  be  the  oxyd  of  zinc-  WJiea  it:J»  w^pcjd  ofti 
tfie  steel /iniUstlU  posaess  Ha  original  ipoii^;.  . 
,'  This;'4in6VB&  that  the  zinc.umitesxmor^  readily, 
^inrthcqf^en  than  does  the  iron  ;  but  if:  a  plate' 
<rf  silirjer'be  substituted  to  the- zinc,  then  the  steel 
will  beoxydated*.  . 

m 

.  Consequently,  silver  is  more  difficult  of  oxyda-. 
tion  than  steel,  and  steel  than  zinc. 


1  •_ 


Hi, ■     n'liii^a ii>i«il 


*  If  a  metal  be  placed  in  a  vessel  of  dr}'  oxygen  gas,  no 
oxyd^tion  is  formed.  Oxygen  is  more  readily  separated  from 
#^6r.  tll&n  detachied  from  its  gasebus  state.  When  a  series  of 
^id^F^i^ie  cbfobtnations  are  placed  und^r  a  receiver,  the  oxygen 
is  rapidly  separated  3  but  if  the  receiver  be  exhausted  of  air» 
^3€  pr<K:eas  is  very  slow.  It  would  appear  from  hence,  that 
oxygen,  in  its  gaseous  state,  cannot  enter  into  an  union  with  a 
ipetal,  until  the  latter  be  thrown  into  a  state  adapted  to  its 
admission,  either  by  the  agency  of  moisture  or  of  calqric,  &c. 
The  jktirc  air  is  in  this  manncf  so  completely  separated,  that 
(EMN'TaN  was  induced  to  emjdoy  the  Voltaic  pile  as  an  eudio- 

Silver 
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Silver  and  zinc,  or  gold  and  zinc,  form  the 
most  perfect  galvanic  combination. 

All  metallic  bodies  are  excellent  condudlors  of 
electricity  ;  but,  when  oxydated,  they  become 
non-condu**lors.  In  this  change  of  capacity  elec- 
tricity is  given  out. 

Although  galvanism  and  electricity  may  be 
considered  as  the  same  principles,  still,  accord-' 
ing  to  the  present  state  of  our  knowledge,  they 
may  be  thus  distinguished- 
Galvanism  is  the  portion  of  electricity  which 
fonns  a  component  part  of  the  conducing  body, 
in  the  aCt  of  undergoing  a  change  in  its  capacity, 
from  a  greater  to  a  less  state ;  while  electricity  is 
the  result  of  a  temporary  change  in  non-conduCt- 
ing  bodies,  insomuch  that  their  capacities  become, 
by  attrition,  momentarily  increased. 

Galvanism  is  never  produced  by  any  changes 
in  non -conductors  ;  while  elcCtricity  is  acciuna- 
lated  by  them  alone. 

A  metallic  body,  when  insulated,  undergoes 
very  alow  changes,  compared  with  those  prpdaqed 
on  it  when  non -insulated. 

A  piece  of  zinc,  placed  in  a  weak  solution  of 
sulphuric  acid,  is  subjcCted  to  but  a  trifling  alte- 
ration, compared  to  the  change  which  ensues 
when  It  is  brought  in  contaCl  with  a  piece  oCiil- 
vcr.  This  curious  phenomenon^^as  first  sp-t 
ticed  by  Dr.  Ashe  ;  and  was  by  him  advanced  M 
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an  argument  in  favour  of  galvanism  being  the 
result  of  a  chemical  operation. 

A  plate  of  silver,  and  a  plate  of  zinc,  with  a 
piece  of  cloth,  or  of  any  bibulous  substa,nce, 
moistened  in  water,  placed  between  them,  con-t 
stitute  a  simple  galvanic  combination.  In  this 
case  the  zinc  becomes  oxydated  on  the  portion 
of  its  surface  which  is  in  contadt  with  the  wet 
medium. 

If  a  prepared  frog*  be  substituted  for  the 
moistened  cloth,  the  humidity  on  its  surface  will 
produce  similar  efFedts  on  the  zinc;  and  when 
the  circuit  is  completed  between  the  silver  and 
zinc,  by  any  substance  which  is  a  conductor  df 
dedlricity,  the  muscles  of  the  frog  will  be  thrown 


*  By  a  prepared  frog  is  understood,  a  frog  divided  into  two 
portions  by  a  pair  of  scissars,  through  the  middle  of  its  body 
and  spine^  the  viscera  being  removed,  and  the  lower  part 
skinned.  The  sciatic  nerves  rise  very  high  up  in  the  spine  in 
this  animal,  and  are  very  discernible  when  it  is  thus  arranged. 
When  it  is  intended  to  arm  the  nerves,  after  the  introdudion  of 
a  pair  of  pointed  scissars  b'eneath  them,  the  spine  is  cut  through 
vithout  dividing  them.  A  portion  of  the  inferior  part  of  the 
sfnne  should  be  afterwards  separated ;  so  as  to  leave  room  for 
the  nerves  to  be  covered  by  a  piece  of  tin-foil.  This  is  what 
ig  denominated  arming,  or  coating  the  nerves.  In  some  expe* 
limentSj  it  is  more  convenient  to  separate  the  lower  extremities, 
and  employ  the  crural  qerve. 

into 
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into  dflidn.     These  contra<51ions  will  be  renewed 
every  time  the  circuit  is  completeH. 

if  n  single  metal  be  employed,  it  must  be  of 
such  H  description  as  tiot  to  be  eaally  afled  upon 
bv  WaterJ  Thus,  if"  a  ailter  cup,  nearly  filled 
with  '4'  weak  solution  of  nitric  acid,  be  placed  in 
a  glass  vessel  coiitaiiiiTig'  common  water,  a  simple 
galvanic  combination  will  be  formed ;  seeing 
that  the  inside  of  the  silver  vessel  will  become 
oxydated  by  the  acid,  while  its  external  surface 
will  not  undergo  any  change.  If  a  prepared  frog 
be  made  to  form  the  circuit  between  the  two 
fluids,  iinmediately  on  its  completion  the  convi 
sinns  will  be  produced. 

Dr.  WeIils  gays,  Ihat  two  homogeneous 
tal-s  will  produce  coiitraiflions,  if  one  of  them  btf 
rubbed  by  silk,  wood,  or  seaHng-wax.  This  ef- 
fect I  (lave  never  observed,  although  I  have  tried 
ev^ry  mode  of  .excitation.  It ,  prpl>3bly  arpse 
from  the  metalp  containing  an  alloy. 
.  Fowler'  qnd  ,P:^aff  assert,  that  fhc  Gondu<fHt^ 
powets  of  metak  are  in  no  way  itlflueneed  bf 
temperature.  Humboldt  siays,  on  the  other 
hand,  that  a  moderate  Increase  of  warnlth  does 
influeni.e  them.  I  have  tried  zinc,  from  the  tenor 
per-ature  of  40  degrees  of  Fahrenheit,  to  near 
300,  without  observing  any  difference. ' 

The  mcire  aftive  the  fluid  which  is  employed, 
the  more  powerful  will  be  the  effects.     Thiis, 

salt 
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•water  is .  better  than  ^  .'comnion  water .;  and 
acid    and   water   than  salt  and   water,     VoLta 

s 

ascribes  this  diffeience  toithe  condunfting  pow!ers 
df  the^fiaids^  and  not  to'  any  changes  induced  in 
the  metallic  bodies  employ^, .. '  > 

' :  r After \  a!   certain   period,   the  nietal :  the  liiost 
^bte  to><bxydati6n  has  its  surface  oxydated.;  and 
'tttl^tUiansi  removed  the  galvadic  operation  ceases. 
rxiWWdnever  a  .meta^ibecomes  oxy  dated,  its  ca> 
ipfaibit{yA)r.el^dricity  id :: diminished  :  oxygen  cin^ 
not  enter  into  union  with  a  met^ilic  substance 
^itltoaithe^  eleftricity  w^h  con&titiited.  a  por- 
tifcMi'irf'thii-metaJ  being  given  out.      '^  '  ^ 

-v.A< Hiatal  which  is  Sn  a. state  of  giving  out  elec- 
tricity; wiH  evincci  ^positive  signs^  of  the  eledlric 
Anid^'MlA  occ^dion  a  ^nsibLe  electroscope  to  di- 
verge with  the  same  state  of  electricity  as  is  pro- 
duced by  excited^lass*  : 

'in'  the-  series: of- metals,  of  gold,  feilver,  cop- 
pel";  irony  tin,  lead;:  zine,  each  will  become  posi- 
tive by  its  combinfetion  -with  that  which  pre- 
jcedes  it,  and  negative  with*  that; by  which  it  is 
followed.  '  -I 

Thus,  gold  and  silver  form  a  simple  galvanic 
combination.  If  a  fluid  be  employed  which  will 
a(Sl  on  the  silver,  and  not  on  the  gold,  as  hap- 
pens with  the  nitric  acid  ;  in  this  case  the  silver 
will  be  the  oxydable  metal,  and  will  therefore 
give  out   a  portion  of  its  combined  ele<ftricity. 

VOL.  n.  X  This 
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This  equally  applies  to  copper  and  iron,  to  iron 
and  tin,  &c. 

Silver,  when  combined  with  gold,  exhibits 
positive  signs  ;  but  when  it  is  arranged  with 
copper,  it  evinces  negative  signs. 

As  ail  metals,  with  the  exception  of  gold,  un- 
dergo some  small  changes  on  the  application  of 
an  oxydating  fluid,  the  most  perfedi  galvanic 
combination  is  constituted,,  when  one  of  the  me- 
-tals  undergoes  the  greatest  change,  and  tilt 
other  the  least. 

When  zinc  and  copper  are  employed  with  t 
solution  of  a  muriate  of  ammonia,  the  muriatic 
acid  a6ls  upon  the  zinc,  and  a  portion  of  annno- 
nia  attacks  the  copper.  In  this  way  the  grivanic 
cfFeA  is  not  so  powerful  as  if  gold  had  been  em- 
ployed. 

All  substances  which  are  condudlors  of  elec- 
tricity are  likewise  condu6lors  of  galvanism,  and 
in  precisely  the  same  order :  the  most  perfedt 
conduflors  being  metallic  substances ;  next  char- 
coal, muscular  flesh,  &c.  nearly  in  the  following 
order  : 


COKDUC- 
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COITDUCTORS.  I^OK-CONDUCtOKS. 

•,'■..■• 

AH  th6  metals.  Oxyds  of  roetals. 

HfiDerals  contaioing  mcUlg  Dot    fhfin  of  carbod. 
oxjdated.  Gases. 

Vfi^iil^  foal-  .  ferip^eunu    -.  •    . .  - ;.  \  r  {; ; 

J^nq^^^gai..    .  Hai^.  ...',,....  ^   .. 

^rboibated  blend.  Spidermis  and  cutide. '  ' 

AfdtfStt6uS  schist.  "  ftbrtS  ofvfooi: 

filftinttnnibiB  schist.  CHassV 

MiktMil  iaibtitmpoi  codUub--    Amber. 

•^4:afb6D.  . , .  Whitp  of  apcggharJ<;rtffJ* 

Grey  mangai]ese«  arising  from    Oil. 

the  carbon  it  contains;  Resins. 

Muscular  flesh.  Gums. 

IXembriDeSy  nerves^  liganientd . 

and  blood-vessels,  whether 

moiltordry. 
Morelh  and  mushrooms. 
While  of  an  egg. 
Water^  bloody  juices  of  plants. 
Cellular  tissue  of  vegetables. 
S^rit  of  wine. 
Wtne»   beer^  acids^    alkaline 

solutions,    soft   soap,    and 

flame,  (doubtect  by  somcO* 


V- 
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out  e\t£ttidty  being  given  out.  The  whole  is 
to  l)c  (Icerneda  chemical  process;  but  we  can- 
not with  propriety  say  that  the  disengagement 
of  ele<9trieily  is  the  effe<3:  or  the  cause  of  ths 
©titer  phenomenon.     They  are  conteinporaneou* 

jreaults. 

;  When  there  is  not  any  .coadufling  medium  to 
communicate  the  disengaged  electricity,  it  afls  as 
a  rearatiog  power  to  the  further  union  of  oxygen 
with  the  metallic  substance,  and  consequently 
prevents  the  oxydation.  In  the  above  cited 
experiment,  made  by  Dr.  A8HE,if  ziiicbe  thrown 
into  a  diluted  solirtion  of  sulphuric  acid,  the  pro- 
cess is  much  Blower  than  when  a  piece  of  silvet 
IB  in  conta<ftwith  the  zinq. 

In  consequence  of  this  osydifying  process,  the 
natural  electricity  of  the  zinc  becomes  disturbed; 
fiod  tlie  dtreftibu  lA  ifhichitwiU  bavea  ieapd/^xy 
t»  Riovej  wiU;  be  tf>iyard»  th^  paAicular  sHrfaw 
wiuch  isi  imttei^isg  the  change  in  ca^^ity. . 

If  a  plate  of  ztno  be  sufiposed  to  be  divided 
into  a.  niimbfer  of  ]»[nina  o!r  s^r^,  tt^  superior 
stratum  being  thrown  into  a  state  of  readily  [nitr 
ikig  whh  its  conbiBed  elei^ripit^,^  aa^,  the  sucr 
cesMve  slirata  being  siniilariy  a^ed  o»k  ^^olpo-. 
piaty.  Ml.  the  plate  will.  1^  (tiro^^  i^o  motiqq, 
4nd>  the  direSidn^  will  be*,  froa?^  J:h^  ppftqsite  side 
of.  the  {^abe^towEtrds. tbe  |^  ^^b^-  is.  utuler- 
goiag  ajoheiBtbal]  ch8nge»j:.il9;^a^^«^fie  of 
.'*■■  u/'   '     "  this 


thtff  disturbance,  the  side  of  tb^  plate  of  zin(^ 
^hich  is  not  exposed  to  moisture,  or  to  th^  ac-* 
tibn  of  any  fluid,  will  be  in  a  negative  sjEate^  or^ 
iA  other  words,  will  contain  less  than  its  natural 
qnaiitity  of  the  eledlric  fluid,  while  the  othei^ 
aide*  will  be  in  a  positive  state  of  eledlricity . 
•  Eledlriicity,  lik^  every  other  description'  of 
matter^  when  thrown  into  motion,  does  not  pos^ 
pes^  in  itself  any  speci6c  powers  to  recover  its 
ori^nd  state.  It  will  always^  remain  quiescenty 
mileas  infiuenced  by  external  causes  ;  and,  when 
thrown  into  motion,  will  invariably  move  in  th«r 
4n^e6Kon  where  there  is  the  least  resistance. 
.  The  power  which  originally  causes  the  dis* 
hirbance,  producing  at  the  first  ibstanV  its  mosl. 
i&xve  efie^ls,  becomes-  more  ^d  more  feeble  at 
every  Recessive  instant,  until  at  last  its  energy 
finally  ceases.  It  would  require  a  similarly  ac* 
tiVc  power,  to  again  restore  the  eledtricity  to  ita 
original  state. 

When  a  condu6ting  medium  is  placed  between- 
botii  sides  of  a  plate  of  zinc,  then  an  dqualiza-^ 
tion  is  efFedled.  The  surface  under  the  chemi^ 
ad  adlion  of  the  fluid,  being  freed  of  its  exc^s» 
of  ele(5lricity,  and  the  other  side  recovering  its 
eriginal  state,  the  oxydifying  process  again  goes 
on,  and  thus  continues,  so  long  as  the  metallic 
arc  completes  the  circuit  between  the  sides. 

As  2inc  undergoes  this  change  with  so  great  a 

X  4  facility. 
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facility,  in  order  to  produce  a  perfeift  galvanic 
combination,  it  is  necessary  to  guard  and  defend 
one  of  its  sides  from  any  change,  by  coating  it 
with  a  metallic  substance,  the  capacity  of  which 
for  elefiricity  is  not  so  easily  altered,  such  as 
gold,  silver,  copper,  Stc.  These  metals,  when 
soldered  to  zinc,  are  not  otherwise  useful,  than 
because  they  are  less  aified  on  by  the  fluid,  than 
the  zinc  would  have  been  ;  and  hence,  as  to  liie 
state  ofe!e£tricity,  they  may  be  simply  deemed  to 
accord  with  the  zinc  surface  with  which  they  arc 
united. 

If,  instead  of  two  metals  in  immediate  contaiSj 
a  piece  of  animal  substance  be  interposed,  as  in 
fig.  1,  Plate  v.  then  the  silver  will  be  in  the 
'ilegative  state,  and  the  zinc  in  the  positive  ;'and 
these  states  will  be  iacquired  in  the  gradual  man^ 
Iter  before  particularized,  namely,  by  the  a<£tioii 
on  succesfiive  strata.  When  the  equalization*  48 
efFecSled  by  a  metallic  conductor,  as  Cf  a^ifreBh' 
portion  of  electricity  instantly  passes  from  the 
silver,  through  tha  conducting  medium  of  the 
muscular  fibres  of  the  frog,  to  the  zinc.  In  this 
transmission  the  fibres  are  thrown  into  a  oantrac- 
ti!e  state.  i    ■(•    . 

'■  The  muscular  motions  are  not  produrad  by  the 
equalization  of  the  zinc  and  silver,  at  the  instant 
of  the  circuit  being  completed  ;  but,  in  conse- 
quence of  this  completion,  t^e  oxydifying  process 

at 
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at  the  same  instant  going  on,  the  silver,  which  is 
at  this  precise  jundlure  restored  to  its  originiA 
state,  parts  with  it  as  at  the  first  instant.  I 
have  considered  these  processes  as  all  taking  plac^ 
at  one  and  the  same  instant,  which  is  not  mathe- 
matically corred.  But  as  th^  changes  occur 
with  so  great  a  rapidity  as  not  to  be  followed  by 
our  senses,  they  consequently  appear  to  us  to 
take  place  at  the  very  same  moment  of  time» 

The  muscular  fibres  of  a  frog  are  so  extremely 
sensible  to  the  mfluence  of  eledlricity,  as  to  form 
the  most  delicate  eledlroscope  hitherto  known. 
Xhe  great  sensibility  of  the  gold-leaf  electroscope, 
the  degant  contrivance  of  Mr.  Bennet,  is  well 
known  ;  but j  notwithstanding  the  great  improve- 
ment of  Mr,  Read's  condenser,  it  evinces  no 
disturbance  by  the  simple  contact  of  two  dissimi- 
lar metals.  When  a  large  plate  of  zinc,  and  a 
similar  plate  of  copper,  having  insulating  handles 
adapted  to  them,  are  brought  into  contadl  about 
twenty  times,  and  one  of  the  plates  applied,  on 
each  contafl,  to  the  condenser,  upon  removing 
the  latter,  the  leaves  of  gold  are  seen  to  diverge. 
The  state  of  elecSlricity  with  which  they  diverge, 
is  invariably  positive,  if  the  zinc  plate  be  applied 
•to  the  electroscope  ;  and  negative  if  the  applica- 
tion  be  oh  the  side  of  the  copper-plate. 

In  this  case,  the  plates  must  be  at  feast  fhre  or 
ffix  inches  in  diameter.    But  we  see^  on  the  other 

hand, 
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hand,  that  a.  very  minute  [lortion  of  zinc  and  si!- 
Aer  will  proJuce  violent  aanvulsions  in  the  limbs 
faf  a  frog. 

-■  If  ten  persons*  moisten  tiicir  hands  with  sai£ 

and 


•  GbeX,  in  his  valiiaHe  Elemcnh  of  Espcrhncntal  PhO^ 
|tfty,'which,  itntbrtonotcly  for sPlence,  have  not  yet  becntr 
laWi!  froin  ilie  German  into  the  English  language,  brings  fi 
■ward,  io  ^tiion  HtM,  the  ffjlowicg  particplan  comnv 
caled  to  him  by  ihe  celebrated  Volta  : — "  The  electric  i 
when  set  free,  and  put  in  motion,  h  a  stimulus  Io  Ihe  aniir 
fibre;  and  ihe  etfeft  of  its  irritalion,  while  aflually  perva 
ftaH  fibre,  consists  of  a  sensation  or  motion  prodac«i  in 
lie  muscillav  fihres  conslitute  Ihe  mml  sensible  eleamceii 
Mid  sbew  the  pre&cnce  of  an  etedrical  stream,  which  is  i 
able  to  diKiutb  the  most  delicate  elearomeler,"  Sre, 

Fioni  Ihio  qiiolalion  alone  the  sciilimcnls  (if  this  celebrated 
pbihisopher  jre  ea'^ily  known.  In  the  subsequent  seflioD 
GsEN  has  remarked  how  the  sensations  of  seeing  and  tasting 
inay  at  the  same  time  be  produced,  by  a  very  striking  expcri* 
iMHtr^liit^liiB'astollou'B: — "  The  mu^icular  motioil,'  u  i^ 
jin  I^C  .sensations  of  seeing  and  tasting,  nta;  be  produced  af 
Obc  ^me  in.slaiit,  byjtlie  means  of  the  elefiric  stream.  Let 
four  periDi^s  stand  upon  a  soit)e\yhat  imperfefl  conduAot,  B[\A 
cdttimumcate  between  themselves  in  this  way.  Let'tbtfiWt 
^bh'  bold  in  bis  light  hand',  well  moistened,  tt  frf]hidift  # 
^tbci.  and  touch  uiili  the  fingWr  *f  bis  left.  haftiJ,  ibe  pwnt  rf 
-Uie  jiigcr  of  Ihe  second  person,  who,-  agaiB-jilyMld.tquclii  witk. 
his  linger  the  bare  eye- ball  of  i4ic.^hird:  now,  ]et  tl^c  latter 
lipid  the  legsj)f  a  prepared  frog  in  hjs  well  moistened, hand,  at 
the  same  instant  that  the  fourth  ptrson,  witli  his  mcustened 
l^hftaii-il,  rilj's'h'oia<3!f"tK<i-rttmir'bf  itti  ■#o^;'hefiBng-in^i& 
,"    •-  '  moistened 


find  wateit,  aOd  form  a  circuit,  by  haMiffig:  the 
hands  of  ^aiah  other ;  and  if,  in  this  cirenit,  a 
l^replred .  ftog  be  placed,  one  of  -the  persoas  hold-* 
jbig  the  jniri»aL  by  the  ftiet,  and  another  by  the 
6pine^  at  the  same  time  that  the  first  person  iii  the 
leircttitf  h»th  his  disengaged  hand  a  half-^irov^n, 
jand  the  last  person  a  plate  of  zinc,  Iield  in  the 
flanie  way,  each  time  the  two  metals  are  brought 
in  contakQj,  the  frog  will  become  convulsed^. 

I  sh^U  demonstrate,'  in  ^  subsequent  part  of 
this  work^  the.  veiry:  feeble  power  of  a  large  gal- 
fmdc  battery,  exposing  a  siu'face  of  four  thousand 
yifiches^  when  the  fluid  passes  through  such  a 
circuit  of  imperfedt  condu<ftors  as  the  human 
jbody.  The  .hai%ds  being  guar*ded  by  a  non*con* 
iia&ing  cuticle^  each  point  of  contact  in  the  cir- 
irait  9&B  as  a  resisting  force. 

If  the  accumulated  ele(Sricity,  from  such  an 
extensive  8ur£ace,  becomes  so  weakened  a€»  not 
to  3£i  with  a  twentieth  part  of  its  power,  through 
n  dicuit  of  this: kind;  how  surprizingly  sensible 


|Doisteo|xl  left  band  a  cyllodrical  piece  of  silver.  If  the  first 
aod  last  of  the  persons  who  form  this  series^  bring  the  zinc  and 
lOVer  into  conta6l,  and  in  this  ^^ay  complete  the  circnif,  the 
perst)^  whose  tongtiie  is  toucR«d  wllf  perccite"  in.  adduldu^ 
taste ;  the  toaebed  eye  of  the  tIArd  person  will  perc^vea  flaifi 
of  ligtitj  at)d.  the  thighs;  of  tlie;frog,  which  are  Ifdd .  b^  the 
ihuM'^iid  fourib  pef^QnSj  will  be  violentljcouvulsed..** 

to 
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to  eled^ncity  must  be  the  muscular  fibres  of  a 
frog,  seeing  that  they  are  influenced  by  a  twen- 
tieth part  of  the  very  minute  portion  of  the  fluid, 
arising  from  the  coiitafl  of  two  small  dissimilar 
portions  of  metal. 

Some  faint  idea  of  this  may  be  formed  from 
the  following  calculation  :  I  employed  two  square 
pieces  of  silver  and  of  zinc,  each  measuring  on 
either  side  one-tenth  of  an  inch,  and  having 
consequently  an  area  of  the  t-lb  of  an  inch  only : 
on  bringing  them  into  contaft  with  a  prepared 
frog,  convulsions  were  produced  ;  the  connetling 
wire  employed  to  complete  the  circuit  being  only 
the  -jsn  part  of  an  inch  in  diameter. 

Two  circular  plates  of  copper  and  zinc,  six 
inches  in  diameter,  required  to  l)e  brought  twenty 
times  in  ccnt;ic'^  with  the  condenser,  before  any 
tenable  disturbance  of  the  gold  teaveg; could 
be  indtrced.  The  area  of  each  plate  being 
6-'X  6  X  .7854  =  1H.  27-14  ;  tliiB  ]>rodu«a,  mul- 
tiplied'by  20,  the  number  of  times  the  contaft 
was^made,  will  be  found  to  be  equal  to  565.488. 
The  sensibility  of  the  fibres  of  the  frog  to  that 
of  the  c'ondenser  was,  consequently,  as  565.488 
is  to  rjf,  viz.  56548.8,  or  more  than  56,000  times 
greater,'  in  .point  of  sensibility,  than  the  delicate 
instrument  made  with  the  gold  leaves, 
■  Myingeitious  friend  AlIjini;  'Well'-knoWn  to 
the  public  by  his  galviiiic  exp6riiii6rits,  considers 

the 
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tbepsiti(^p^  tQ'be  inherent  pin  the  animal  fibre 
alone,  and  endeavours  to  oppose  the  Voltaia 
4o^iney  w^ich  indices  it  ^ariise  fipfntthe  hetelio- 
geaeity  of:  the  m^t^U  ^pjioyed.  He  adduces 
two  experiKieDts  to  ^ljacid9>te  his  opinion  :  Supr 
poia^ng.  sQveiial  ptepargd  /r0g9,  ten  or  more  /or 
in8taiice>.to  beiHrmng^d  ia  a  parallel  Uneto^e^ohi 
other,  as  in  Plate  V.  Fig.  5,  in  such  a*  way  :a4k 
Ulilt  t})^  n^rve  should  "be  at  one  end,,  fmd:|he 
fo^  at ithe  other  ; ;  upo&  tfa^'C^rcait  being  co^r 
plated J>etwe^n  the  coatings  applied  to  .one  of 
the  frog^'OAly^  convulsions  are  excited  in  all  tlie 

9th€TS.        :         .  .  :    '. '    : 

.  If  this  experiment  be  repeated,  as  in  Fig.  6,^ 
when  the  frogs  are  reversed,  as  to  each  other, 
and  disposed  alternately,  the  convulsions  do  not 
ensue  in  all  of  them. 

'  1  hav^.  repeated  these  experiments  with  the 
utmost  care,  without  their  being  attended  with 
the  results  Aldini  has  described.  When  the 
frogs  were  placed  on  glass,  by  studiously  avoid- 
ing any  conducing  medium  between  each  of 
them,  such  as  moisture,  &c.  I  invariably  found 
that  the  one  only  which  was  in  contact  with  the 
coatings  was  convulsed. 

-  If  there  be  any  humidity  on  the,  surface  of 
the  table  on  which  the  animals  are  placed,  a 
regular  communication  will  be  formed  betweea 
each  of.  the  frogs  and  the  coatings :  consequently, 

upon 


3J'8     SBNBIBrLITY  O?   THE  MUfiCOLAB   riBBB. 

npon  the  equalization,  they  will  be  all  alike  dis- 
tarbed. 

Aldini  and  Humboldt  have  both  observed 
that,  if  the  legs  of  a  prepared  frog  be  immersed 
in  mercury,  and  the  nerves  be  broagbt  in  con- 
ta^  with  the  external  surface  of  that  fluid,  the 
oonvulsion  will  take  place  every  time  the  circtiit 
is  formed. 

From  this  experiment  these  physiologigts  hare 
deduced,  that  dissimilar  metals  are  no  ways  ne-* 
cessary.  The  celebrated  Volta  properly  ob- 
serves, that  although  one  metal  is  thus  ap- 
parently employed,  the  different  states  in  which 
the  mercury  is  found,  constitute  what  may  be 
considered  as  two  dissimilar  metals.  As  mer- 
cury, the  instant  it  is  exposed  to  the  air,  be- 
comes oxydated,  a  part  of  the  animal  bciag  iH 
eonta£t  with  the  fluid  in  its  metallic  state^^  snd 
the  sciatic  nerve  being  equally  so  with  tiie  037- 
dated  surface,  convulsions  will  necessarily  ensue. 

From  all  the  experiments  hitherto'  brought 
forward,  in  which  convulsicHis  have  been  pro- 
duced by  the  influence  of  dissimilar  metals,  it 
Would  appear  that  the  disengaged  ele^ricity  is 
from  the  oxydated  surface  of  the  metal;  and 
that  the  muscular  fibres  of  the  frog  are,  in  con- 
lequence  of  their  exquisite  sensibility,  convulsed 
by  the  transmission  of  the  ele^ftrieity  from  the 
non-oxydated  plate  to  the  oxydated  plat«. 

The 
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The  disturbance  of  the  straws,  produced,  ac- 
cording to  Valli,  by  a  battery  of  fourteen  frogs; 
and  the  disturbance  txf  tjie-  gold  leaves,  which 
KuHNE  fancied  he  perceived,  appear  to  have 
originated  from  some  other,  cause  *^  This  is, 
zt  the  le^st,  conjeiSlured  by  Voi;,ta,  F9.WLER, 
Crbv,£,  Lichtenbehg,  SiDHRApER,  pFAPF-  and 
HuJWBotDT.  The  hairs  .of  a  piouse  were  said  by 
Vaxli  to  have  been  ere6led  by  a  similar  process; 
hut  Humboldt  found  this  to  be  perfectly  em>- 
neous. 


T- 


*  Owing  to  tl^c  very  great  sensibUity  of  Bbn^bt's  d66bo« 
miope,  ^gns  of  disturbance  are  evioced  upon  the  sHghtftst  agv- 
tstion.  The  wadilig  of  a  few  dusty  particles  peoduces,  as  wdft 
tfft  ttie  evaporalipit^f  a  drqp  qf  water*  a-diverg«ncjs  of  ttos^ 
leaves^  It  i^  .therefore  probable*  tUat  their  separation^  as  if. 
y/a9  observed  by  Kuhne^  pig^^  originate  from  some  sudi^ 
cfight  agitation^ 
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CHAP.  xxvr. 

:  the  h^ueiice  of  a  single  metal  and  two  i 
similar  Jluids,  on  the  muscular  Jihres  of  a  frog-' 
Observations  of  Professor  Roeison  on  galvan^ 
combinations — The   dizcoloration    of  a   silve 
spoon  from  the  eating  of  eggs,  explaiyied — 7m 
combination  of  a  single  metal  and  two  dis. 
milar  fluids — The   discovery   of  Volta 
Tiounced  in  a  letter  to  Professor  Gren. 


I  HAVE  already  observed  that  a  sinipta 
gftlv!i,nic  combination  may  either  consist  of  tw^fl 
dissimilar  metals,  and  an  interposed  fluid,  oi'  .oi 
•  a  single  metal  placed  between  two  different 
fiaids,  one  of  which  adVs  on  the  metal  without 
its  being  influenced  by  the  other. 

Let  A  B,  Fig.  Ij  Plate  VI.  represent  two 
glasses,  one  filled  with  a  diluted  solution  of 
nitrous  acid,  and  the  other  with  water.  If  these 
two  vessels  be  connei^led  by  a  copper  arc,  o  i,  a 
simple  galvanic  combination  will  be  formed.  The 
part  of  the  copper  in  the  diluted  solution  of 
nitrous  acid  will  be  oxydated,  while  the  portion 
in  the  vessel  of  water  will  not  be  a<5led  on.  If 
one  of  the  extremities  of  k  prepared  frog,  as  at 
F,  be 
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P,  be  placed  in  one  of  the  liquids,  as  soon  as 
the  other  extremity  is  brought  in  conta6t  with 
the  liquid  in  the  other  vessel,  convulsions  will 
ensue. 

This  efFedl  is  more  strongly  produced  in  the 
experiment  represented  by  Fig.  2^  Plate  W.  in 
which  B  D  is  a  glass  dish  filletl  with  a  solution 
of  the  sul|)huret  of  potash,  and  A,  a  silver  cup, 
or  a  salt-cellar,  placed  withinside,  and  nearly 
filled  with  a  weak  solution  of  nitric  acid.  By 
this  arrangement  a  perfe6l  galvanic  combination 
is  produced  ;  and  as  soon  as  a  prepared  frog  is 
made  to  form  a  communication  between  one  of 
the  fluids  and  the  other,  it  will  be  convulsed. 

The  principles  of  this  combination  are  pre- 
cisely the  same  with  those  of  the  one  precedently 
noticed,  in  which  it  must  have  been  observed, 
.that  one  side  of  the  metal  is  adted  on  by  the 
?fluid,  while  the  other  side  is  guarded  by  a  coat- 
ing of  another  metal,  on  which  the  fluid  does 
-not  produce  any  adlion.  In  the  latter  case,  the 
adlive  liquid  is  simply  in  conta6l  with  one  of  the 
surfaces,  or  parts,  of  the  metal,  while  the  other 
surface,  or  part,  undergoes  no  disturbance. 

Upon  tlie  principles  of  simple  galvanic  com- 
binations, many  curious  phenomena  are  explica-* 
ble.^  Formerly,  in  applying  copper  sheets  to  the 
bottoms  of  ships,  it  being  the  usage  to  employ 
iron  bolts,  it  was  observed  that  the  copper  soon 

VQL.ii.  Y  became 
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became  loosened  in  the  part  where  the  two 
metals  were  in  contaA.  This  arrangement  con- 
stituted a  simple  galvanic  combination  of  two 
dissimilar  metals,  and  an  interposed  fluid.  la 
this  case  the  interposed  fluid  was  the  sea  water, 
or  a  solution  of  the  muriate  of  soda^  and  the 
metallic  substances,  the  iron  and  copper.  In  a 
similar  arrangement,  the  iron,  the  most  oxydable 
metal,  in  becoming  oxydated  in  the  part  more 
immediately  in  conta<3:  with  the  copper,  is  soon 
destroyed,  and  detached  from  the  latter  substance. 

In  1795,  Creve  first  shewed  that,  in   every 
simple  galvanic  combination,    water  is  decom- 
posed.    The  oxygen,  in  these  combinations,  en- 
ters into  union  with  the  metal ;  and  the  hydro- 
■  gen  is  evolved. 

Professor  Robison  has  remarked,  that  the 
drinking  of  porter  out  of  a  pewter  pot,  produces 
■a  more  brisk  sensation  than  when  it  is  taken  oat 
of  a  glass  vessel ;  and  this  he  ascribes  to  a  gal- 
ranic  effecft.  In  this  instance,  there  is  a  com- 
bination of  one  metal  and  of  two  dissimilar  fluids. 
In  the  aft  of  drinking,  one  side  of  the  pewter 
pot  is  exposed  to  the  saliva  and  the  humidity  of 
the  mouth  ;  while  the  other  metallic  side  is  in 
contact  with  the  porter.  In  completing  the  cir- 
cuit, in  the  a&.  of  drinkingj  a  brisk  and  lively 
sensation  arises,  which  imparts  an  agreeable  re- 
lish to  the  porter, 

TUs 


This  ingenious  professor  has  carried  the  re- 
finement of  taste  so  far,  as  to  fancy  that  snuffy 
taken  out  of  a  metric  snufF-bdx,  eixcites  a-  more 
agreeable  sensation,  than  when  taken  out  of  a 
box  of  tortoise-shell,  or  papier  machL 

The  discoloration  of  a  silver  spoori^  in  the 
aA  of  eating  eggs,  is  likewise  a  curious  galvanic 
operation . 

Mr.  Carlisle,  by  a  very  ingenious  analysis, 
has  proved  the  existence  of  sulphur,  both  in  the 
yolk  and  in  the  albumen  of  an  egg.  A  tea-spoon 
left  immersed  in  either  of  these  substances,  un- 
dergoes no  discoloration  ;  but  the  abov6  re- 
markable phenomenon  takes  place  in  the  a6l  of 
eating  the  egg ;  the  extremity  of  the  spoon  which 
is  most  in  the  mouth,  being  always  found  to  bo 
the  most  discoloured. 

In  this  case  the  galvanic  combination  consists 
of  the  sulphurated  solution,  the  silver  tea-spoon, 
and  the  saliva.  In  every  galvanic  operation 
Creve  has  shewn  that  water  is  decomposed. 
The  nascent  hydrogen,  readily  uniting  with  the 
sulphur,  forms  sulphurated  hydrogen  gas,  which 
produces  the  discoloration.  It  is  this  gas,  evolved 
from  our  coals  in  the  adl  of  combustion,  which 
occasions  a  similar  tarnish  to  the  silver  employed 
for  domestic  purposes. 

VoLTA,  to  whom  we  are  indebted  for  the  dis- 
covery of  the  galvanic  combination  of  a  single 

Y  2  metal 


324      THEORY  OP  GALVANIC  COMBINATIONS, 

metal  and  two  different  Auids,  observes,  that  if 
a  tin  basin  be  filled  with  eoap  suds,  with  lime- 
water,  or  with  a  strong  ley,  and  if  it  be  held  by 
both  tiie  iiands,  moistened  in  pure  water,  upon 
applying  the  tip  of  the  tongae  to  the  fluid,  an 
acid  taste  will  be  perceived.  In  proportion  as 
this  acid  sensation  gradually  dies  away,  the  taste 
becomes  pungent  and  alkaline. 

These  curious  changes  of  sensation  invariably 
occur;  but  VoLTA  has  not  undertaken  to  reason 
upon  tlie  cause.  It  may  perhaps  be  deemed  pre- 
sumptuous in  mc  to  hazard  an  opinion,  when  so 
profound  a  physiologist  has  hesitated  to  pro- 
nounce his.  I  submit,  however,  as  mere  con- 
jeilures,  my  sentiments  on  this  head. 
■  From  what  has  been  before  observed,  it  ap- 
pears that  when  water  is  decomposed,  the  oxygen 
is  evolved.  This  principle,  by  uniting  with  azote, 
may  form  nitrous  acid  ;  and  the  evolution  of  oxy- 
gen may  thus  produce  an  ascescent  state,  while 
the  nascent  hydrogen,  uniting  with  azote,  may,  by 
forming  an  ammonia,  account  for  the  alkalescent 
Bensation.  In  a  subsequent  chapter  I  shall  take 
an  opportunity  to  observe,  that,  according  to 
every  probability,  ammonia  and  nitrous  acid  are 
formed  in  the  greater  part  of  the  galvanic  com- 
binations. 

Voi,TA,  who  has  not  as  yet  favoured  the  world 
with  his  collcded  opinions,  they  being  scattered 

and 
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and  diffused  through  different  journals  and  pe- 
rjodical  works,  in  such  a  way  as  to  render  it  difficult 
to  arrange  them  in  a  systematic  order,  observed,  in 
the  year  1794?  in  a  letter  to  Professor  Gren  *,  that 
the  contractions  also  take  place  instantly,  if  one 
end  of  the  connecting  arc  be  moistened  with  a 
conducting  fluid  of  a  different  kind ;  such,  for  in- 
stance, as  water  is  with  regard  to  an  alkaline 
solution,  to  dilute  nitric  acid,  or  to  a  solution  of 
an  alkaline  sulphuret ;  or  if  into  one  glass  water 
be  poured,  and  into  the  other  vinegar,  or  a  solu- 
tion of  an  alkali  or  of  a  sulphuret,  or  of  a  salt ; 
and  if  in  this  experiment  the  communication  b^ 
inade  by  means  of  one  single  metal  only. 


*  Allein  in  dem  angefiithtera  falle  (§  1393)  sind  die  zuck- 
tingen  glcich  wieder  da,  wenn  man  das  eine  £nde  des  leitenden 
bogens  mit  einer  leitende  fluessigkeit  anderer  art^  a)s  blosses 
wasserist,  z.  b^  mit  einer  aufloesung  von  alkali,  mit  scheid- 
vrasser,  mit  einer  aufloesung  von  schwefelalkali  bestreicht; 
oder  wenn  man  in  das  eine  glas  blosses  wasser,  in  das  andere 
essig,  oder  eine  alkalische  aufloesung,  oder  eine  aufloesung 
von  schwefelleber,  oder  eine  salzanfloesung  giesst,  und  die 
verbindong  je/%/  anch  nur  durch  ein  einziges  metall  macht. 
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CHAP,  xxvir. 

On  the  iTifluence  of  charcoal-^Mr.  Davy's  gaU 
vanic  combination  with  charcoal — Experimentt 
made  ow  that  suhstance — In  the  order  of  the 
conduMors,  it  stands  next  to  metals — ff'hy  it 
varies  in  its  properties — Opinions  of  Pfapf, 
Humboldt  and  Laghi — Remarks  of  Fowler 
and  Wells — Abilgoard's  proportion  of  cnr-r 
f  on  in  venous  blood — Observations  on  the  charr~ 
ing  of  wood. 

MR.  DAVY,  the  cliemical  professor  at  the 
Royal  Institution,  whose  ingenious  galvanic  ex- 
periments are  well  known,  observes,  that  charr 
coal  possesses  a  similar  property  with  metals,  of 
forming  a  galvanic  combination  with  two  dissir 
milar  fluids.  Supposing,  according  to  him,  A- 
and  B,  Fig:  3,  PlateVl.  to  represent  two  glasses, 
one  filled  with  nitric  acid,  and  the  other  with 
water  :  if  a  communication  be  formed,  by  means 
of  a  curved  piece  of  charcoal,  C  D,  a  galvanic 
combination  will  he  produced,  sufficient  to  dis- 
turb the  muscular  fibres  of  a  frog. 

He  also  remarks,  that  a  solution  of  the  sul- 

phuret  of  potash,  and  the  sulphuric  acid,  will, 

with 


with  the  aid  of  charcoal,  form  a  similar  combina- 
tion. 

I  have  repeated  these  experiments  with  th^ 
utmost  care,  but  have  not  been  equally  ^ccess- 
ful  with  the  above  physiologist.  When  a  pre- 
pared frog  is  so  applied  as  that  the  Iqg  is  in  on^ 
of  the  glasses,  and  the  crural  nerve  in  the  otheCj 
slight  contra6lions  will  be  produced.  But  if  the 
muscular  part  only  be  in  each  of  the  glasses, 
there  will  not  be,  at  least  as  far  as  I  could  ob- 
serve, any  sensible  motion. 

In  this  case,  I  conjeAcire  the  galvanic  combi* 
nation  to  consist  of  the  two  liquids,  and  the; 
muscle  and  nerve  ;  the  charcoal  merely  adling  as 
the  condu6ling  medium. 

I  am  so  fully  aware  of  the  extreme  difficulty  of 
procuring  good  charcoal,  that  I  do  not  presume 
to  deny  the  results  of  Mr.  Davy's  experiments. 
The  charcoal  employed  by  him  was  made  from 
box,  or  lignum  vitae,  well  charred.  These  woods<^ 
being  dense,  do  not  absorb  water  in  so  great  a 
d^ree  as  the  others. 

Charcx>al  is  an  excellent  condudlor  of  eledtri-? 
city,  and  ranks  next  to  metallic  substances.  It; 
has  been  asserted,  that  it  was  first  employed  by 
FoNTANA  as  a  condu6lor  of  galvanism  ;  but  the 
earliest  experiment  was  made  by  Volta.  Pfaff 
observes,  that  when  a  piece  of  charcoal  is  found 
BOt  to  be  a  good  condudlor,  it  is  rendered  effica- 

y  4  cious 
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ciotis  by  the  process  of  combustion.  Humboldt 
remnrks,  that  lliis  method  has  never  succeeded 
with  him;  and  thinks  that  the  impediment  is 
occasioned  by  the  carbon  being  enveloped  in  the 
hydrogL'n,  the  fibrous  part  of  llie  wood  contain- 
ing that  principle,  as  wtll  as  carbon,  oxv^en,  car- 
bonate of  magnesia,  calcareous  earth,  and  a  small 
portion  of  azote.  Tlic  alkali  which  arises  from 
the  combustion  of  plants,  is,  notwitltstanding  the 
inference  drawn  from  their  experiments  by  Mar- 
GRAA.P  and  WiEGLKB,  formed  posteriorly  to  tha 
decomposition,  by  a  fresh  combinalion.  Hy 
drogen,  at  similar  temperatures,  more  readily 
unites  with  oxygen  than  does  the  carbon  ;  and 
lience,  water  is  first  formed,  and  afterwards  the 
carbonic  acid. 

Cliarcoal,  when  divested  of  its  hydrogen,  has  a 
black  radiated  appearance,  and  is  then  best -cal- 
culated for  galvanic  experiments.  Professor 
Laghi,  of  Bologna,  attributes  the  non-.conduift- 
ing  quahty  of  some  particular  charcoals  to  resio 
or  bitumen  not  properly  liberated  by  combustion. 
In  pieces  of  imperfectly  condu<^ing  charcoal,  he 
observed  parts  not  well  charred,  which  on  that 
account  cut  off  the  galvanic  circuit. 

The  condu'^ing  powers  of  minerals  were  first 
ascertained  by  Dr.  Fowleh,  a  very  ingenious 
physician  of  Salisbnry,  whose  valuable  observai- 
tions  hava  already  been  detailed.  These  sub- 
stances 
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Stances  were  found  by  him  to  be  conductors,  in 
proportion  as  they  contained  metallic  or  carbo- 
naceous matter. 

Humboldt  having  noticed  that  the  Lydian 
stone  is  a  condu6lor,  suspedled  it  to  possess  that 
prop»^y  in  consequence  of  a  certain  portion  of 
carbon  it  contains.  On  burning  it  with  caustic 
potash,  in  an  open  vessel,  the  potash  became 
mild,  and  effervesced  with  acids.  A  proof  was 
thus  obtained  of  its  having  acquired  carbonic 
acid. 

Dr.  Wells,  whose  sentiments  always  merit  the 
highest  respe^^,  supposes  that  charcoal,  recently 
made,  is  in  its  most  perfect  condudling  state. 
The  opinions  of  this  very  intelligent  and  well 
informed  philosopher,  on  subjedls  generally  re- 
lating to  galvanism,  have  been  recorded  in  a 
former  part  of  this  work. 

From  these  observations,  we  may  perceive  how 
deiicate  a  test  galvanism  is,  in  detecting  carbon  in 
a  substance  in  which  the  presence  of  that  prin- 
ciple was  not  even  suspe6ted.  So  great,  at  the 
same  time,  is  the  sensibility  of  galvanism  to  good 
condudling  media  of  this  description,  that  it 
evinces  instantaneously  the  existence  of  the 
smallest  portion  of  carbon. 

All  substances  which  have  this  principle  dif* 
fused  through  them^  become  galvanic  conduc* 
tors. 

Professor 
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Professor  Abilgoakp  has  remarked,  that  oii» 
ounce  of  venous  blood  contains  115|  grains  t^ 
charcoal ;  while  the  same  weight  of  arterial  blood 
contains  87  f  grains  only. 

This  remarkable  circumstance  I  shall  have 
occasion  to  notice  more  particularly  in  my  ob-' 
•orations  on  respiration. 

Some  persons  have  supposed  galvanism  to  dif- 
fer from  electricity,  because  the  condu^ug 
powers  of  charcoal  have  been  found  to  be  greats 
for  the  former  than  for  the  latter  prineiple.  This 
is^  however,  far  from  being  the  case.  Charcoal 
preserves  the  same  rank  in  the  order  of  conduc- 
tors, both  for  eleiftricity  and  for  galvanism.  That 
it  is  found  superior  to  metals,  in  the  deflagration 
of  the  latter  substances  by  galvanic  processes, 
does  not  depend  upon  its  condudii^  power,  but 
upon  its  aiding  principle  of  combustion^ 

To  prepare  the  beat  charcoal,  I  have  foand 
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The  principal  precaution  in  this  procesSi  is  tQ 
make  choice  of  the  proper  time  when  the  crucible 
should  be  covered.  The  wood  should  previously 
be  sufficiently  heated,  in  order  that  every  partick; 
of  moisture  should  be  thrown  off.  Wood,  wh^n 
charred,  loses  three-fourths  of  its  weight,  and 
about  one-fourth  of  its  bulk.  Fontana  and 
Mo&ozzo  have  remarked  that  charcoal,  in  cooU 
ing,  absorbs  both  air  and  moisture.  Chaptal 
observes,  that  desulphurated  pit-coal,  or  coak, 
absorbs  one-fourth  of  its  own  weight  of  water ; 
and  charcoal  about  one-fifth.  Box  and  lignum 
vitae  produce  a  charcoal  which  is  hard,  sonorous 
and  brittle ;  while  the  other  woods  in  general 
yield  a  substance  light,  spongy,  and  friable,  and 
.on  that  account  more  disposed  to  the  absorption 
pf  water,  in  the  a6l  of  cooling.  These  circum- 
stances point  out  the  propriety  of  letting  the 
charcoal  cool  before  it  is  removed  from  the  cnl- 
cible,  and  likewise  of  keeping  it  afterwards  in  a 
covered  vessel. 

Carbon*,  when  mechanically  diffused  through 


*  Both  alcohol  and  oil  consist  of  oxygerf,  hydrogen,  and 
carbon  3  notwithstanding  which,  the  former  is  a  condu6tQr, 
but  not  the  latter.  This  is  not  owing  to  the  carbon,  of  which 
joil  has  a  greater  proportion  than  alcohol  3  but  because  the 
latter  fluid,  in  its  purest  state,  contains  water^  as  has  been  de- 
monstrated by  Lavoisier  andMfiUNiBK. 

bodies^ 
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bodies,  possesses  its  conducting  properties;  but 
vlien  it  is  in  cliemical  union  ivith  them,  it  under- 
goes a  change  in  its  capjicity.  Thus,  in  the  case 
of  the  carbonates  of  hme,  of  barytes,  of  magne- 
iia,  and  of  alumincj  its  condu6ling  faculties  are 
lost ;  and  this  aho  happens  when  it  is  united 
with  hydrogen,  so  as  to  form  hydro-carbonate; 
when,  being  blended  with  oxygen,  it  constitutes 
carbonic  acid ;  and  when,  in  the  intermediate 
»tate,  it  forms  the  gaseous  oxyd  of  carbon. 


(  333  ) 


CHAP.  XXVIII. 

On  the  influence  of  animal  substances^  in  consti-^ 
tuting  galvanic  combinations — The  experiments 
o/'Aldini  explained  on  the  foregoing  principles 
'-^  Whether  galvanism  is  conneSled  with  tite  ner» 
"vous  system — Observations  of  naturalists  on  the 
nerves  ofinseSls — On  fungi  as  co7tdu6lo7's — Ho%9 
a  ligature  on  the  nerves  influences  galvanism^--^ 
Remarks  on  the  reprodu6tion  of  nerves^  when 
divided — ConjeSlures  07i  the  infinitude  of  our 
/sensations. 


VOLTA,  with  the  philosophical  acumen  he 
so  singularly  possesses,  has  observed  that  various 
parts  of  animals  can  be  excited  without  the  ai&  of 
inetals ;  and  several  ingenious  methods  have 
been  proposed  by  Galvani  for  this  purpose. 
In  the  opuscuH  of  Milan,  is  an  account  of  Al- 
BiNi's  experiments,  made  in  the  presence  of  the 
Institute  of  Bologna,  as  early  as  the  year  179^* 
In  the  memoir  of  this  physiologist,  addressed  to 
Amorottx,  he  describes  one  of  these  experiments 
as  follows :  A  prepared  frog  having  been  im- 
mersed in  a  strong  solution  of  the  muriate  of 
soda^  and  removed  from  thence,  the  learned  pro* 

fessor 
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fessor  held  one  of  the  extremities  in  his  hand, 
and  allowed  the  other  to  hang  freely  down. 
While  the  animal  was  in  this  position,  he  raised 
np  the  nerves  with  a  glass  rod,  on  suddenly 
removing  which,  as  often  as  the  nerves  touched 
the  muscular  parts,  convulsions  were  produced. 

This  experiment  having,  with  several  other 
analogous  ones,  been  repeated  in  the  presence  of 
the  National  Institute  at  Paris,  it  wag  there  ob- 
ser\-ed,  that  they  would  have  been  more  corrcft, 
it  the  nervous  and  muscular  systems  had  been 
perfectly  insulated.  To  prove  that  these  con- 
tractions did  not  arise  from  any  defedl  of  insula- 
tion, Aldini  made  the  foUowing  experiments : 

Suppose  LN,  Fig.  y,  Plate  V.  to  represent  a 
prepared  frog ;  S  the  spine  ;  R  the  sci.-itic  and 
obturator  nerves  ;  and  L  and  N  the  legs.  The 
whole  having  been  previously  moistened  in  salt 
ana  water,  and  the  frog  being  supported  by  a 
glass  rod,  H,  at  the  spine,  S,  while  another  glass 
rod,  M,  raises  up  the  leg,  L,  until  the  muscles 
are  brought  in  contaift  with  the  nerves  at  R,  im- 
mediately on  the  contaft  being  made,  the  con- 
Tulsions  take  place.  In  this  experiment  no  part 
of  the  frog  is  otherwise  touched,  than  by  non- 
conducting  media.  This  has  been  more  cor-* 
Tedtly  tried  by  the  means  of  two  insulated  frogs, 
the  feet  of  one  of  which  were  tied  to  the  spine 
•f  the  other. 

Let 
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Let  MN,  Fig.  4y  Plate  V.  represent  a  glass 
rod ;  and  A,  B,  two  prepared  frogs  ;  the  feet  o!f 
B  being  secured  to  the  spine,  C,  of  the  frog,  A. 
On  the  sciatic  nerves,  E,  of  the  spine,  D,  being 
raised  by  a  glass  rod,  so  as  to  touch  the  muscles 
of  the  upper  frog  at  A,  contradlions  are  produced 
in  each  of  the  animals,  they  having  been,  in  this 
case,  as  in  the  former,  previously  moistened  with 
a  strong  solution  of  the  muriate  of  soda. 

If  a  similarly  prepared  frog  be  held  by  the 
hand,  well  moistened  in  salt  and  water,  and  the 
crural  nerves  be  applied  to  the  tip  of  the  tongue 
of  the  person  by  whom  the  experiment  is  made, 
the  convulsions  will  be  produced. 

From  these  nice  experiments  it  has  been  de- 
duced by  physiologists,  that,  in  the  animal  body, 
a  principle  exists,  which  may,  by  a  recourse  to 
certain  particular  means,  be  excited  and  diredled 
at  pleasure.  They  have  besides  conjectured  that 
an  energetic  fluid  is  developed  by  the  aClion  of 
the  animal  forces. 

I  presume  that  these  surprizing  facfts,  the  truth 
of  which  I  have  many  times  ascertained,  are 
reducible  to  the  principles  I  have  already  laid 
down;  and  that  the  galvanic  phenomena  are 
merely  owing  to  the  disengagement  of  the  com-^ 
bined  eledlricity  of  the  substance  aCled  on,  while 
it  undergoes  a  certain  decompositipn.  In  the 
C93e  either  o*  met.iliio  evclutiuns,  or  of  animal 

clicit^-^ 
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elicitations,  it  would  appear  that  an  oxydifying" 
process  ensues.  When  a  galvanic  combination 
of  inetais  is  placed  under  a  receiver,  a  portion  of 
pure  air  is  lost.  Aldin'i  suspended  in  a  bell- 
glass  fourteen  frogs  prepared  with  the  utmost 
dispatch,  and  found  that  at  the  en<l  of  24  hours 
the  water  had  risen  in  the  bell  to  the  height  of 
iibout  half  an  inch. 

This  expeiiinent  would  have  been  more  satis- 
fai5lory,  if  our  naturalist  had  ascertained  the  loss 
of  air  relatively  to  the  capacity  of  the  receiver; 
and  also  whether  the  pure  part  of  the  air  was  thua 
abstrad^ed. 

This  experiment  of  Professor  Majon,  of  Ge- 
noa, was  made  with  a  greater  precision.  He 
took  a  strong  torpedo,  and  as  soon  as  it  was 
dead,  armed  its  nerves  with  the  usual  coating. 
Having  placed  it  on  an  insulating  stool,  a  little 
elevated  above  water,  he  covered  it  with  a  bell- 
glass,  the  contents  of  which  were  equal  to  433 
cubic  inches.  At  the  end  of  some  hours  he  ob- 
served, that  the  water  under  the  receiver  began 
to  rise  progressively,  insomuch,  that  at  the  end 
of  48  hours  it  had  risen  above  an  inch,  occupy- 
ing a  ninth  part  of  the  capacity  of  the  bell,  viz. 
forty-eight  cubic  inches. 

The  residual  air  was  analyzed  by  the  pro- 
fessor, who  found  that  80  cubic  inches  only 
of  oxygen  gas  remained,  with  324   of  azotic 

£as. 
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gas.  It  thus  appeared  th^t,  during  the  above 
period,  more  than  two-fifths  of  the  oxygea 
gas  contained  in  the  receiver,  had  been  ab- 
sorbed. 

Animal  substances,  as  condu6lOrs  of  electricity^ 
have  their  capacities  proportioned  to  their  con-; 
dueling  powers.     No  change  can  be  induced  in 
these  substances,  without  an  adequate  change  in 
their  capacities.     Both  the  muscular  fibre,  and 
the   nervous   substance,  in  their  healthy  living 
state,  and  connedled  with  the  sources  by  which, 
their  energies  are  preserved,  are,  with  respe6l  td 
eledlricity,  in  a  precise  balance  with  each  other^ 
When  a  portion  of  animal  substance  is  detached 
and  separated^  changes  are  induced,  and  decom- 
positions effected.     In  cold-blooded  animals,  the 
process  being  very  slow>  the  muscular  fibres  re- 
main for  a  long  time  susceptible  to  so  pervading 
a  stimulus  as  eledtricity.     When  the  substance, 
is  immersed  in  a  solution  of  the  muriate  of  soda, 
the  nervous   and   muscular  parts  seem  not  to 
undergo  equal  changes.     The  part  which  is  the 
most  rapidly  adled  on,  will  leave  the  other  in,  a 
negative  state  of  eledlricity ;  and,  on  the  com- 
munication being   formed,    convulsions   will  be 
produced.      If    the    communication    be    made 
through  the  medium  of  a  warm-blooded  animal, 
similar  efFe6ls  will  ensue. 

VOL,  II-  2  *  As 
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As  the  changes  *  induced  in  animal  substances, 
are  by  no  means  so  considerable  as  in  metallic 
bodies,  relatively  to  the  disengagement  of  elec- 
tricity, unless  the  frog  be  very  vigorous  and 
lively,  the  experiment  will  not  succeed.  Female 
frogs  are  best  calculated  for  these  experiments; 
and  should  be  chosen  at  the  period  when  they 
emerge  from  their  torpid  state.  The  principle 
of  life  not  having  been  excited  during  their  sleep- 
ing season,  is  at  this  period  in  the  least  state  of 
exhaustion. 

'  From  experiments  made  by  Dr.  Fowleb  on 
leechesj  it  was  conjedlured  by  him,  that  galvanism 
is  a  principle  independent  of  nervous  influence, 
seeing  that  it  ails  on  animals  divested  of  nerves. 

In  the  last  century,  Poupakt  described  nerves 
in  the  leech  ;  but  Morand  and  Dillenius  de- 
nied their  existence.  Willis  proved  the  exist- 
ence of  a  brain  in  snails,  notwithstanding  Lud- 
wiG  denied  them  nerves.  Presciani  and  Man- 
GiLi  have,  however,  demonstrated  in  them  the 
existence  of  nerves ;  and  this  discovery  Aeil- 
GOABD  and  Ralje  have  confirmed. 


*  A  curious  experiment  was  tried  by  La  Gkavb,  and  re- 
bted  in  the  Memoirs  of  the  Galvanic  SotMty  of  Paris.  A  se« 
ries  of  galvanic  combinations  having  been  formed  of  brain  and 
muscle,  cut  into  slices,  and  layers  of  hat,  moistened  in  solution 
«f  the  muriate  oSsodz,  evident  g;alvaaic  efieds  were  induced. 

In 
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tn  animals  which  possess  loco-motive  powers, 
Unless  a  cdnnedling  medium  were  diffused  through 
their  system,  to  the  end  that  any  part  should  be 
Influenced  at  will,  their  motions  would  be  irre- 
gular and  undetermined,  or,  perhaps,  would  cease 
altogether.  By  this  connecting  mediurti  is  un- 
derstood the  nervous  system ;  and,  even  if  the' 
nerves  cannot  h6  traced  by  the  knife  of  the  ana-^: 
tomist,  it  would  be  highly  absurd  to  deny  their 
existence  on  that  account.  Anatomy  being  the 
mere  meichanical  part  of  science,  to  believe  nd 
farther  than  mechanism  can  reach,  would  argue 
Very  limited  ideas.  The  anatomist  tnay  be  re- 
garded as  the  pioneer  of  the  physiologist,  to  clear 
away  whatever  may  impede  the  latter  in  his  re- 
searches. When  the  anatomist  and  physiolo- 
gist are  united  in  the  sarfte  person,  there  must 
then  be  a  proportionate  efficiency  of  means. 
Animal  substances  are  superior  conductors  to 
those  which  belong  to  the  vegetable  kingdom. 
The  substances  which  constitute  the  intetm^- 
diateJ  link  between  animals  and  vegetables,  such 
as  mushrooms  and  morells,  preserve  the  same' 
ordet"  in  their  condiidting  powers.  Gehler,  iri 
his  Philosophical  Dictionary,  first  remarked  this 
curious  circumstance,  which  is  not  dependent  on 
their  butnid  state,  sincCj  when  they  are  cut  and 
dried,  they  are  found  to  be  good  Conductors. 
Mushrooms,  when  placed  in  a  retort,  and  ex- 

»i  posed 
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posed  to  3  lamp  heat,  give  out  water,  which  soon 
becomes  putrescent,  and  evinces  the  existence  of 
ammonia,  of  carbonic  acid,  and  of  an  empyreu- 
matic  oil. 

Morells  contain  a  quantity  of  gelatine,  and, 
owing  to  this  enriching  quality,  constitute  one 
of  the  luxuries  of  the  table. 

Fungi  of  this  description,  on  the  stimulus  of 
light,  do  not,  like  vegetables,  give  out  pure  air, 
but  evolve  non-respirable  gases,  namely,  hydro- 
gen and  the  carbonic  acid  gas. 

Vegetables  in  general  are  gradual  in  tlieir 
growth  ;  but  these  animalized  vegetable  sub- 
stances spring  up  after  one  showery  night. 

Valli  was  the  first  to  notice  that  a  ligature 
applied  to  a  nerve,  ])revent?i  the  muscle  from 
being  conmlscd  by  metals.  Tbattori  observed, 
that  this  is  not  an  invariable  consequence.  Valli, 
in  his  subsequent  observations,  discovered  that 
if  the  ligature  be  made  close  to  the  insertion  of 
the  nerve  in  the  muscle,  it  entirely  impedes  its 
movements  ;  but  if  at  a  distance,  the  experiment 
succeeds  perfedily  well. 

However  a  nerve  may  be  lacerated,  if^a  small 
fibre  of  communication  be  left,  the  convulsions 
will  be  produced. 

When  the  nerves  of  warm-blooded  animals 
are  applied  to  the  nerves  of  cold-blooded  ani- 
mals, the  contraftions  do  not  take  place.    Thus, 

the 
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the  crural  nerve  of  a  mouse  being  applied  to  the 
crural  nerve  of  a  frog,  and  the  nerves  separated 
by  about  the  half  of  a  line,  the  contradlions  do  not 
ensue.  But  if  a  nerve  of  the  same  frog  be  di- 
vided, and  the  parts  separated  about  a  line  from 
each  other,  upon  completing  the  circuit,  the 
contra6lions  will  take  place '*^. 

A  nerve,  when  divided,  requires  a  considerable 
time  after  its  subsequent  union,  to  recover  its 
original  energy.  Arnemann  observes,  that  di- 
vided nerves  unite  by  means  of  a  cellular  tissue 
formed  by  coagulable  lymph  ;  and  notices  also, 
that  the  voluntary  powers  of  the  muscles  are 
restored,  but  not  their  sensibility -|-.  The  cele- 
brated Soemmering's  opinion  is,  that  the  repro- 
duced portion  never  has  the  characteristic  ap- 
pearances of  the  other  nerves.  Fontana  and 
Cruickshank  have  proved  the  fallacy  of  this 
opinion,  by  their  experiments  on  the  grand  sym- 
pathetic nerve  ;  and  Dr.  Haighton's  ingenious 
experiments  fully  prove  the  perfe6l  re-establish- 
ment of  the  nerves  in  general.  Sprengel,  in  an 
ingenious  work  on  these  organs,  has  referred  our 
sympathetic  sensations  to  the  aciion  of  the  nerves 
on  the  brain,  and  to  the  re-a6lion  of  the  brain  on 


*  These  experiments  were  oaade  by  Humboldt. 
f  Versuch  liber  di  regeneration  der  nervem.     Lib.  i.  cap, 
3  and  5, 

z3  the 
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the  nerves,  in  a  state  of  unison.  By  others,  thesd' 
sensations  have  been  ascribed  to  the  anastOEiiosin^ 
of  the  nervous  fibrils ;  while  others  again  have 
conjectured  that  each  nerve  has  its  particular 
atmosphere ;  and  that,  when  these  atmospherei 
are  blended,  the  impressions  are  communicated' 


*  The  infiniie  varleijr  ofthe  gensatiops  we  experience 
rot  be  referred  tu  the  mere  diversity  of  mechanical 
tliey  are  reducible  to  a  tsw.  Let  us  consider  the 
ramif'yinjj  all  over  the  body,  an.)  thai  eaeh  branch  is  the  trank 
of  Ihe  libriis  which  proceed  from  it.  When  an  impression  ig 
made  on  aoypa't  of  ihe  body,  such  an  impre-isioii  aftson 
a  certain  numher  of  nerves.  Now,  if  we  suppose  the  iniprcs- 
eioas  to  be  conliiicd  to  so  small  a  space  as  only  lo  aA 
□pan  two  bruncheii,  the  aam  of  the  aftions  will  be  uoiledia 
the  truiik.  This  sum  will  be  a  varj'irig  qunnfiiy,  according  to 
the  angles  which  these  branches  fprm  with  each  other.  The 
larger  the  angle,  the  less  will  be  the  sum  of  their  united  powers. 
When  we  consider  that  three,  four,  or  five  branches  tnay  be 
afled  on,  the  infinity  of  resalts  will  enable  us  lo  conceive  the 
infinitude  of  sensation  upon  the  principles  of  the  composition 
of  fprces. 

The  same  principles  are  applicable  to  the  varied  visual  senr 
Bations  produced  by  ihe  impressed  optic  flbriil.-e  ;  as  well  as  to 
the  great  diversily  of  sounds  (rom  ihe  uiidulalory  anions  oa 
the  auditory  expansion. 

I  have  been  long  engaged  in  physiological  researches  relative 
to  nervous  energy ;  aud  whenever  my  series  of  experiments 
shall  be  completed,  I  shall  prcGUiue  to  sub  nut  them  to  the 
public. 


I 
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CHAP.  XXIX. 

On  the  galvanometer'^Mr.TEPYS^  moveable  coat-- 
ings — Mr.  Read'^  condenser,  adapted  to  the 
eleSIroscope^  improved  by  Cuthbertson — The 
principle  of  aSlion  the  same  as  in  the  Leyder^ 
phial-^The  state  of  eleSlricity  induced  by  fi  zinc, 
or  by  a  copper-plate-^^The  part  of  the  cap  the 
best  adapted  to  the  application  of  the  metallic 
plates — ConjeSlures  upon  the  cau^se  of  this  dif-* 
ference. 

MR.  PEPYS,  of  the  Poultry,  well  known 
a8  a  liberal  and  spirited  philosopher,  whose  ex- 
periments are  condu6ted  with  the  utmost  cor- 
re6lness  and  perspicuity,  and  whose  observations 
and  dedudlions  are  demonstrative  of  great  in- 
genuity, has  contrived  a  very  curious  apparatus, 
to  be  adapted  to  Rennet's  eledlroscope,  for  the 
purpose  of  evincing  small  states  of  eledlricity, 
as  they  are  developed  in  galvanic  experiments. 
With  this  view,  instead  of  the  tin-foil  coatings 
withinside  the  glass,  he  has  substituted  two  plates, 
forming  an  acute  angle,  which,  by  a  regulating 
screw,  can  be  adjusted  to  any  required  distance 
from  the  gold  leaves.    The  angular  part  is  se- 

z  4  cured 
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cured  to  the  bottom ;  the  open  part  perpendi- 
cularly upwards ;  and  the  gold  leaves  hang  be^ 
tweeti  them.  By  this  ingenious  mode  of  ap- 
proximating the  coatings  to  the  gold  leaves,  the 
resistance  being  diminished,  a  weaker  intensity 
of  eieitricity  suffices  for  their  disturbance. 

Tills  contrivance  will  answer  only  when  a  series 
of  galvanic  combinations  are  employed  j  in  the 
same  way  as  Mr,  Read's  condenser,  jmpi-oved  by 
Mr.  CcTHBEBTSON,  cvinccs  a  disturbance  upon 
the  contact  only  of  two  dissimilar  metals.  Owing 
to  its  superior  sensibility.  It  is  now  generally  de- 
nominated the  galvanometer. 

Mr.  Kead,  of  Knightsbridge,  well  known  by 
his  valuable  observations  on  atmospherical  elec- 
"icity,  is  the  first  who  applied  the  apparatus, 
called  the  condenser,  to  the  electroscope,  to  the 
end  that  it  should  evince  small  intensities  of 
eletflricity.  The  very  minute  portion  of  the  fluid 
given  out  by  the  single  conu6t  of  two  different 
metals,  does  not  produce  any  disturbance  of  the 
gold  leaves ;  but  when  several  minute  portions 
are  accumulated,  a  separation  of  the  leaves  takes 
place.  Tiie  cIe(9:roscope,  in  its  simple  state,  will 
be  as  much  charged  tlie  first  time  as  if  the  coht 
tai5t  had  been  made  a  thousand  times,  and  can- 
not therefore  acquire  a  greater  quantity  of  the 
fluid  than  suffices  to  place  it  in  equilibrio  with 
the  metallic  plates.  This  portion  being  inade- 
quate 
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quate  to  the  produ6lion  of  any  divergency  of  the 
leaves,  Mr.  Read  applied  the  principle  of  the 
^le<3rical  doubler  to  the  above  instrument,  by 
which  means  he  was  enabled  to  charge  an  inter- 
vening plate  of  air.  By  thus  accumulating  every 
minute  portion  of  the  fluid  imparted  by  the  me- 
tallic plate,  and  by  apparently  condensing  and  in- 
creasing its  intensity,  he  ultimately  succeeded  in 
producing  marked  signs  of  disturbance. 

This  instrument  has  been  considerably  im- 
proved by  Mr.  Guthbertson,  as  is  the  case  with 
all  those  which  pass  through  his  hands. 

The  constru6lion  of  this  apparatus  *  is  as^fol- 
lows  :-r— A  circular  brass  plate,  b,  Fig.  2,  Plate  V. 
about  four  inches  in  diameter,  is  soldered  to  the 
brass  cap  of  Bennet's  eledlroscope,  o ;  and,  at  a 
right  angle  with  the  plane  of  the  cap,  a  similar 
brass  plate,  a,  conne6led  with  a  brass  rod,  and 
moveable  about  the  joint,  g,  completes  the  appa- 
ratus. The  latter  plate,  a,  is  non-insulated,  and  is 
never  in  contadl  with  the  plate  b^  being  placed  at 
such  a  distance  as  to  allow  a  thick  card  to  pass 


*  My  worthy  friend  Mr.  Carpue,  in  his  ingenious  treatise 
on  elcdtricity  and  galvanism,  has,  by  mistake,  attributed  the 
construction  of  this  instrument  to  Mr.  Cuthbertson.  This 
gentleman,  in  the  account  he  has  published  of  the  above  con<- 
trivance,  has,  with  his  usual  liberality,  given  every  requisite 
predit  to  the  abilities  pf  Mr.  Read. 

through. 
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through.  Consequently  there  will  be  a  plate  of 
air  between  a  and  /; ;  and  the  charging  of  this 
plate  of  air  is  precisely  on  the  principles  described 
in  the  explanation  of  the  Leyden  phial. 

Fig.  3,  fiateVi.  represents  two  metallic  plates, 
A  and  B,  about  six  inches  in  diameter,  with  in- 
sulating handles,  as  at  C.  One  of  these  plates 
is  made  of  zinc,  and  the  other  of  copper  * .  When 
they  are  brought  frequently  into  contaifl,  and 
when,  on  each  separation,  one  of  them,  for  in- 
stance, the  zinc  plate,  is,  by  its  insulating  han- 
dle, made  to  touch  the  cap  of  the  eledlroscope, 
each  portion  of  the  eledtricity  communicated  to 
the  cap,  becomes  equally  ditFused  throughout  the 
whole  metallic  medium  in  contadl  with  it,  the 
plate,  h,  participating  of  the  efFe^l.  The  sur- 
rounding air  is  so  feebly  a6led  on  by  this  very  small 
intensity,  that  unless  its  resistance  be  considera- 
bly diminished,  no  sensible  effedts  will  be  pro- 
duced. The  very  small  plate  of  air  between  the 
two  plates  a  b,  becoming  influenced  by  this  weak 
state  of  eledtricity,  the  proportion  of  the  fluid 
it  receives  on  the  side  opposed  to  the  plate  h, 
it  gives  out  at  the  side  contiguous  to  the  plate 
c,  which,  not  being  insulated,    admits  it  with 


*  Care  should  be  taken  that  brass  be  not  substituted  for 
copper,  as  the  former  metal  cODtains  zinc, 

facility. 
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facility.  In  this  way  a  may  be  considered  as  thd 
C5oating  of  the  outside  of  the  jar,  and  h^  as  the 
inside  coating.  On  every  successive  charge  the 
plate  of  air  becomes  additionally  a6led  upon.  So 
long  as  the  plates  a  and  h  are  preserved  in  this 
state,  no  separation  of  the  gold  leaves  takes 
place.  When  a  Leyden  phial  is  charged,  and 
then  placed  on  an  insulating  stand,  if  a  com- 
munication be  formed  with  the  external  coating 
and  an  eleftroscope,  no  disturbance  will  take  * 
place.  The  air  in  the  external  surface  being  in 
la  precise  balance  with  the  air  on  the  internal  sur- 
face, no  change  can  take  place  on  one  side  so 
long  as  the  other  side  is  kept  insulated.  Thus 
it  is  with  the  condenser :  the  instant  the  plate  a 
is  separated  from  the  plate  6,  the  cle6lricity  which 
had  been  imparted  and  received  by  the  inter- 
vening plate  of  air,  being  now  exposed  to  the 
atmospheric  mass,  moves  in  the  dire6lion  in  which 
it  meets  with  the  least  resistance.  This  direc- 
tion is  the  metallic  cap  of  the  electroscope ;  and, 
according  to  the  quantity  thus  regurgitating,  the 
gold  leaves  become  diverged.  The  state  of  elec- 
tricity is  always  positive,  if  the  zinc  plate  be 
applied ;  and  negative,  if  the  application  of  the 
copper-plate  be  made. 

If  either  the  zinc  or  the  copper-plate,  be  ap- 
plied to  the  part  of  the  cap,  w,  which  is  direcSly 
ppposite  to  the  plate  h^  the  effe6ls  will  be  stronger 

than 
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than  when  it  is  applied  nearer  to  the  plate  b. 
This  obsen'ation  was  first  made  to  me  by  my 
very  ingenious  friend  Mr.  Rb&b  ;  and  seems  to 
accord  with  Volte's  notiou  as  to  moto-elecbric 
power.  It  is  a  further  confirmation  of  the  idea, 
that  the  real  condudiors  of  electricity  are  replete 
with  that  principle ;  and  that  the  first  elFects 
produced,  are  occasioned  by  the  disturbance  of 
the  natural  eleclricity  of  the  body.  It  is  well 
known  to  be  a  common  property  of  all  univer- 
saliy  diffused  Auids,  to  be  more  powerfully  aifted 
upon  in  the  part  which  is  in  a  line  of  dircclioa 
with  the  impelling  power.  This  is  the  case  with 
the  transmission  of  sound  through  solids  or  fluids, 
and  also  with  the  apparent  motion  of  light  *. 
The  successive  impulses  aifting  at  7i,  the  natural 
eleAricity  of  the  plate  b,  will  also  more  powerfully 
disturb  the  intervening  plate  of  air,  than  when 
the  contact  is  made  at  any  other  part  of  the  cap. 


*  I  say  apparent  motion,  because  I  am  induced  to  believe 
that  light  is  ualversall}'  disused,  and  that  its  impressions  are 
cotnmuaicated  by  impulses.  In  all  its  properties  it  accords 
■with  tiiose  of  universally  difiuscd  fluids.  Its  velocity  is  nni- 
fomi,  »  heibcr  from  Sirius  or  Jupiter.  This  is  not  the  case  wilt 
substance  evolved  from  any  particular  bodies,  the  subsequent 
velocities  being  by  no  means  equal  to  the  iniiia!  force  and  im- 
pression. But  water,  air,  fee.  are  uniform  ;  and  the  laws  of 
refraSion  and  refleflion  are  sipiilarly  dependent  on  the  same 
mccbaDical  principlea. 

In 
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In  such  a  case,  the  motion  communicated  to  the 
eledlricity  of  the  plate  bj  will  be  weakened  in 
proportion  to  the  obliquity  of  the  diredlion.  This 
fa6l  is  easily  proved,  by  the  greater  number  of  con- 
tacts requisite  in  one  direcSlion  than  in  the  other,. 
With  Mr.  Read's  apparatus  I  found  that  twelve 
contadts  at  n,  produced  a  more  sensible  disturb- 
ance than  twenty  contacts  did  at  the  part  of  the 
cap  distant  one-fourth  of  its  circumference  from 
the  plate  b. 

It  would  perhaps  be  more  corredl  to  call  this 
instrument  a  galvaniscope,  seeing  that  it  does 
not  so  corredlly  measure  the  powers  of  a  battery 
as  one  which  will  be  hereafter  mentioned,  and 
which  may  therefore  be  more  properly  regarded 
as  a  galvanometer. 

In  the  plate  where  this  is  represented,  viz. 
Fig.  2,  PlateY.  c  points  to  where  the  gold  leaves 
are  suspended,  and  e  the  tin  -foil  coating  on  the 
inside  of  the  glass. 
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CHAP.  XXX. 

I  i/if  Voltaic  accumulatmi — The  couronne  ( 
tasses — The  pile  —  Cbuickshank's  trough-^ 
The  superior  advantages  of  tkis  constru&ion — > 
Method  of  preparing  galvanic  batteries — /f^i 
liquids  are  the  most  covvemcnt — Order  to  he 
observed  in  connccUng  two  or  more  batteries. 

When  Galv ami's  important  discovery 
was  comimmicated  to  the  world,  it  was  neces- 
sarily expefted  that  it  would  open  a  new  field  of 
intjuiry,  n-Kitively  to  tiie  prlnciplf  of  adlion  in 
animated  bodies.  The  interesting  experiments 
of  Bertholon  had  already  proved  the  energetic 
influence  of  eledtricity  on  the  vegetable  king- 
dom ;  and  the  curious  memoir  of  Thouvenel,  on 
the  virgii'a  dlviiia  of  Bleton,  had  evinced  the 
susceptibility  of  the  animal  frame  to  the  influence 
of  minute  portions  of  the  same  principle. 

Notwithstanding  the  experiments  with  dissi- 
milar metals  had  been  diversified  by  natura-r 
lists  of  different  countries,  and  although  the 
fa6l  first  noticed  by  Sultzer,  of  their  influence 
on  the  organ  of  taste,  had  been  confirmed  by  the 
ingenious  experiments  of  Volta  and  Robison, 

who 
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who  had  likewise  noticed  the  more  remarkable 
effect  of  the  luminous  appearance  first  observed 
by  Dr.  Hunter,  of  York,  produced  by  their  con- 
tadl,  still  nothing  more  than  a  temporary  in- 
terest had  been  excited.  As  the  results  did  not 
appear  applicable  to  the  explanation  of  any  phy- 
sical phenomena,  they  wer/e  gradually  lost  sight 
of;  and  in  spite  of  the  intelligent  observations 
of  Creve,  Fabroni,  and  Ashe,  in  a  few  years 
after  its  discovery,  galvanism  sunk  in  a  manner 
into  oblivion. 

Hitherto  physiologists  had  turned  their  atten- 
tion entirely  to  the  disturbance  of  the  muscular 
fibre.  In  increasing  the  scale  of  their  experi- 
ments, they  confined  themselves  altogether  to 
the  augmentation  of  the  animal  substances  em- 
ployed. With  this  view  batteries  of  frogs  were 
arranged ;  but  no  idea  seems  to  have  been  en- 
tertained of  what  was  to  be  expe6led  from  an  in- 
crease of  the  series  of  metals. 

VoLTA,  whose  name  is  so  celebrated  in  the 
annals  of  philosophy,  is  the  author  of  this  dis- 
covery, which  he  communicated  about  three 
years  ago  in  a  letter  to  Sir  Joseph  Banks.  He 
there  observes,  that  a  series  of  this  nature  re^- 
sembles  an  eledlric  battery,  weakly  charged,  a6t- 
jng  incessantly,  and  which  charges  itself  after 
each  explosion.  Instead  of  consisting  of  insulat- 
ing 
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ing  plates  or  cleiSlric  strata,  it  is  armed  with  coa-^ 
dufftors. 

The  first  arrangement  he  describes,  is  what  he 
terms   a  couronne  de  lasses,  consisting  of  glass 
tumblers,    half  filled    with    water,    or    salt    and 
water,  and  forming  a  regular  union  by  the  series 
of  metallic  arcs  represented  in  Fig.  5,  Plate  VI. 
in  which  the  plates  marked  S  are  either  of  silva 
or  copper,  and  those  marked  Z  of  zinc.    The  a 
a,  a,  a,  may  he  formed  of  any  substance  whid 
is    a   good   conductor   of  ele6lncity  ;    and 
two  metals  in  each  glass  should  be  soldered  to*! 
the  metallic  arc,  in  any  part  above  the  one  whic 
is  immersed  in  the  liquid.     Volta  remarks,  thai 
alkaline   solutions  are  employed  with    the  bei 
eff'ct'l^,  when  one  of  the  metals  is  tin,  and  tho^ 
other  silver  or  copper.     If  zinc  be  substituted 
for  tin,  then  salt  water  is  preferable. 

When  thirty  or  forty  of  these  glasses  are 
arranged,  one  of  the  experimenter's  hands  being 
placed  in  the  fluid  contained  in  the  first  glass, 
and  the  other  hand  in  the  last  in  the  series,  i 
shock  is  experienced.  As  often  as  the  circuit  is 
completed,  the  same  sensations  recur, 

Volta  next  communicated  a  more  convenient 
mode,  by  substituting  wet  pieces  of  cloth  to  the 
glass  tumblers,  as  in  Fig.  1,  Plate  VII.  which 
represents  a  frame  formed  of  two  circular  pieces 

of 
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of  wood,  secured  to  columns  of  varnished  wooa 
or  of  glass,  c,^,  d.  At  the  bottom  of  the  frame, 
at/,  a  plate  of  zinc,  soldered  to  a  plate  of  cop- 
per, is  first  laid  down  with  its  zinc  side  upper-^ 
most;  Upon  this  a  piece  of  cloth,  of  a  somewhat 
smaller  circumference  than  the  metal,  and  well 
moistened  with  salt  and  water,  is  placed.  Next, 
follows  another  plate  of  zinc  and  copper,  the 
same  arrangement  as  at  first  being  observed, 
naniely,  that  the  zinc  side  should  be  uppermost. 
Then  a  second  piece  of  wet  cloth,  &c.  By  thus 
continuing  the  series  to  40  or  50  plates,  a  gal- 
vanic pile  will  be  constituted.  Ori  placing  end 
of  the  hands  at  f,  and  the  other  at  g^  a  shock  is 
felt.  This  pile  Volta  terms  a  moto-ele6tric  ap- 
paratus :  the  process  continues  as  long  as  the 
pieces  or  discs  of*  cloth  remain  moist ;  as  soon  as 
they  become  dry  the  operation  ceases. 

To  preserve  their  adtion  longer,  VoltA  sug- 
gested a  mode  of  enveloping  a  pile  with  cement^ 
without  any  interposition  of  cloths.  He  pro- 
posed to  station  the  metallic  plates  at  a  greater 
distance  from  each  other,  and  to  fill  up  the  cellSj 
or  intervals,  between  them  with  a  saline  solution. 

Mr.  Gruigkshank,  the  celebrated  chemist  a^ 
Woolwich,  considerably  improved  this  Voltaic 
construdlion,  after  the  manner  represented  in 
Fig.  2y  Plate  VII.  A  B  C  D  is  a  wooden  trough 
jformed  of  hard  baked  mahogany ;  about  thirty 

VQt«  lu  A  a  inchos 
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mtfhes  Icmg.  Withinside,  fifty  grooves  are  cut 
Hi  the  sides  and  bottom,  al  equal  distances  ffom 
tfaeTr  other.  These  grooves  should  be  of  a  thick- 
fiess  corresponding  to  tiie  metallic  plates*.  The 
pistes  are  cemented  separately  in  each  of  the 
rrooves,  so  that  the  fluid  will  not  pass  out  of  one 
►ell  into  the  other.  The  plates  consist  of  zinc 
Rildered  tti  copper ;  and  in  whatever  direftion 
He  first  of  thetn  is  cemented  into  the  box,  all 
ite  Dtliei^  liiust  preserve  the  same  order.  Snp- 
^Sitig  the  copper  side  of  the  first  to-be  towards 


. : «  The  mode  of  forroit^  AesC  tretallic  plates  is  as  follm-i: 
I  ffbc  xiiKi  w,  winch  i$  the  same,  the  ipdtcr  of  the  ^opa,  should 

^  mdltd  in  a  vessel  which  exposes  but  a  small  surface .-  it 
Would  otherwi.ie  absorb  osygen  sn  rapidly,  as  lo  be  voliitijized, 
and  converted  into  a  fleecy  substance,  dcnorainated  ihe  floweri 
(if  zinc.  A  sfone  mould  about  four  inches  Square,  and  aboal 
bbecnghthof  ifn  inch  thick,  is  wdl  suited  to  this  purp«s6}  ^o;  a 
still  better  one  may  be  formed  of  brass,  by  any  fooHdfcr  te 
whom  a  paiiern  iu  wood  is  given.  The  plates  sfaouW  be  cut 
aSi  quickly  as  possible.  Those  of  coppei:  need  not  be  inore  than 
oi^e  tenth  the  ihickuess'of  Ibe  zinc  plates.  The  pieces  of  coppet 
Wog  cut  of 'a  size  corresponding  to  the  zinc,  and  ha'minereo 
iiwigbt,  sb  as  lb  ajiply  e6rrei91y  to  (he  2inc,  the  plates  jbonM 
fe  srfrferCd  txige^er  by  means  of  soft  solder,  not  througfatbdr 
a»tibie  Extent,  but  about  a  fourth  of  an  inch  fram  die  ed^, 
f^  that  at  the  edges  the-  utnon  may  be  complete. 
„■  TJje  cement  I  generally  employ,  is  made  of  four  ounces  of 
vctlqit^  waxj  eight  ounces  of  letin,  and  about  an  ounce  of  fine 
Brick-iinsl.    "       ■    -    '  - 

'-  B;  aU 
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B  $  all  the  others  should  be  so  placed  in  the  box 
as  to  hi^ve  their  copper  sides  towards  B,  and 
their  zinc  surfaces  towards  CD.  When  they 
are  thus  arranged,  the  end  C  D  is  called  the  zinc 
end  of  the  battery  ;  and  the  end  A  B  the  copper 
€iidb     In  this  state  the  battery  is  complete. 

This  constru6lion  possesses  many  advantage^ 
\¥hieh  the  pile  does  not.  The  fluid  is  applied 
with  greater  facility.  The  apparatus  is  more 
ooiarvenient  for  experiments ;  it  continues  to  be 
active  considerably  longer  ;  and  is  attended  with 
little  or  no  trouble  in  cleaning*  In  the  Voltaic 
pile^  after  it  has  been  once  used,  the  zinc  stir- 
ftce  of  the  plates  becomes  oxydated  ;  insomuch, 
that  before  they  can  again  be  used,  they  tnust  be 
scraped  or  filed,  which  is  a  very  tedious  and 
troublesome  operation.  In  the  trough  eVery 
0dccessive  operation  cleans  the  plates,  by  dissoIv^<» 
ing  the  oxydated  surface  of  the  zinc. 

VoLTA  supposed  the  fluid  employed  to  st6t 
mefety  as  i  conductor  ;  and  that  the  differences 
in  fltrids  depend  entirely  on  their  different  con* 
tki^ing  powers.  It  has  already  been  shewn,  by 
the  experiments  of  Ashb,  Cubve,  Fabboni,  and 
others^  that  the  fluid  a&s  chemicaUy  on  the 
^atsiest  oxyclable  metal;  dnd  that  those  fluids 
p#odue6  the  most  ^ive  effects,  which  influen«r 
the  metallic  substance  the.  most .  powerfully, 
TbUB  ftcidi}^  eikdJAei,  Ae«itral  salts^  &c.  a€t  more 

Aa2  power- 


eSO   COSSTRVCtlON  OP  GALTANIC  BATTEniES. 

^werfiiHy  thai    simple  water.     Acid  solutions 
;  still  more  powerful  than  the  former.    One 
^Wrt  of  nitric  acid,  blended  with  about  twenty 
parts  of  wattT,  forms  a  very  aSive  miiiture.     As 
,  "this  inixtiire  e\'olves  nitrous  j^as,  it  is  injurious  tn 
/respiration  ;  besides  which,  the  nitric  iicid  is  very 
Expensive.    Sulphuric  acid,  combined  with  water, 
S'flnswers  very  well,  but  its  atftion  is  too  quick. 
^Tn   operating  on  the    zinc,  it  disengages  such 
tjuantities  of  hydrogen  gas,  as  to  be  very  trouble- 
Some,  and  is  fretjuently  attended  with  such  evo- 
itions  of  heat,  as  to  loosen  the  cement.     Alaout 
1  ounce  of  the  muriatic  acid,  or  spirit  of  salt  of 
fie  shops,  blended  with  a  pint  of  water,  consti- 
Sutes  the  mixture  I  generally  employ.     It  afls 
traiTjuilly  and  uniformly,  dccomjiosing  the  water 
so  slowly,  ttiat  the  hydrogen  gas  which  is  evolved, 
does  not  annoy  the  operator.     The  trough,  by 
the    employment  of  this  acid  mixture,  is  kept 
uniformly  clean. 

When  the  experiments  are  finished,  a  mixtore 
of  the  above  description  should  not  be  thrown 
away,  but  emptied  into  an  earthen  pan,  and  re- 
nerved  for  any  subsequent  experiment.  For 
medical  purpjoses  1  employ  the  same  mixture 
eight  or  ten  times.  The  trough,  when  emptied, 
«hould  be  rinsed  out  with  fresh  water,  and  will  be 
then  ready  for  use. 
-  Some  persons  employ  st^utions  of  th«  muriate 

«f 


COTJSTRUCTION  OFGALVikNIC  »ATTBBIJBS-    S5f 

of  soda,  of  the  muriate  of  ammonia,  or  of  the 
sulphat  of  potash.  These  solutions  are  compa- 
ratively weaker  than  the  acids  ;  and,  by  crys- 
talizing  on  the  plates,  render  the  trough  etr- 
tremely  difficult  to  clean. 

When,  for  any  experiment,  several  batteries 
are  requisite  instead  of  one,  they  should  be 
placed  in  precisely  the  same  order  as  if  two, 
three,  or  more  batteries  were  to  constitute  one 
.trough  only;  invariably  observing,  throughout 
the  whole  of  the  series,  however  extensive  it 
may  be,  that  the  zinc  surface  of  one  of  the 
plates  should  be  constantly  opposite  to  the  cop- 
per surface  of  the  next  plate  in  the  series  ;  and 
that  the  troughs  should  be  conne6led  to  each 
other  by  any  metallic  substance.  A  slip  of  cop- 
per sheeting,  about,  half  the  width  of  the  trough, 
answers  this  purpose  very  well. . 

It  is  surprizing,  that  on  the  Continent  the 
"Voltaic  pile  should  be  still  employed.  To  ren- 
der its  a<Slion  more  permanent,  a  Mons.  Isam  his 
substituted  to  the  moistened  cloths,  salt  jiist 
sufficiently,  mojstpn^d  tp  be.  fornjefjintp  flayer. 
He  observes,  that  a  pile  thus  formed,  retains  its 
powers  for  a  month.  The  quantity  of  metallic 
substance  destroyed  by  the  acid  is  very  trivial ; 
since  it  only  a6ts  when  the  circuit  is  completed. 
A  trough,  I  should  presume,  will,  with  due  care, 
last  ten  or  a  dozen  years,  if  it  even  hp  employed 

A  a  3  several 
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several  hours  daily.  The  fluid,  when  poured  in, 
ehould  not  ascend  higher  than  about.a  fourth  of 
an  inch  from  the  top  of  the  plates  ;  and  when 
the    trough    is   filled,  it  should,  as  well  as  the 

upper  surface  of  the  plates,  be  wiped  dry*. 


*  When  a  single  metal  is  employed,  such  as  copper,  Iht 
plales  arc  cemenied  in  the  same  manner  :  in  one  of  (he  cclli 
sin^plc  water  is  iniroduceJ  ;  ami  in  tLic  other  a  soluiioa  of 
nitric  acid.  This  battery  is  by  no  mentis  50  powerful  an  when 
jiiic  is  employed  wltli  copper,  and  one  fluid  only.  So,  like- 
wise, if  plates  of  gold  and  silver  be  solderi'd  together,  a  wln- 
tion  of  niiric  acid  will  be  round  to  oDiwer,  because  it  will 
oxydaie  the  silver,  aud  not  (lie  gold,.  Any  metallic  corabina- 
tioDs  n:ay  be  furined,  if  ibq  ^id  which  i«  employed  vfill  t&ia 
oDCof  ihe  ractitSs,  and  not  on  tlje  other;  their  powers  will,  how- 
ever, be  feeble,  because  iht-ir  changes  are  trivial  when  com- 
pared to  those  of  a  combination  of  silver  or  copper  with  tine. 
The  latter  of  these  metals  oxydales  -ao  r^adfly,  as  to  gire  out 
its  combined  e1e£irioity  with  greater  facility  than  any  other 
.  metal.  In  an  oxtenaive  battery  silver  plates  would  becoaie 
expensive,  and  as  copper  only  loses  one  fifth  of  the  power,  or, 
jn  other  words,  qs  80  plates  of  silver  and  zinc  are  equal  iq 
power  to  about  lOO  plates  of  copper  and  zinc,  die  di0l:rciKe  it 
implv  compensated  by  the  saving  whidi  is  ipadp. 


(35^)     ..  V): 
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CHAP.  xxx;i. 

How  far  the  powers,  of  galvanism  are  increas^4  by 

tlve  extent  of  metallic  surface — Tlie  experimmtf 

ofFouRCROY.  VAuauELiN  ttud  Thei^arp — TJus 

shQck  is  in  proportion  to  the   series^    and  nof 

to  the  surface — Its  powers  in  the  d^qgj:ation  of 

metak  depend  on  the  surfaces — .Cor^^6lures,q^ 

to  tfie  cause — How  far  tlie  surface  is  co7icerne4y 

illustrated  by  experiments  with  sigp  hundred  small 

plates — The  principles  of  the  battery  explained 

by  the  doSlrine  laid  down  in  the  chapter  on  el€Q^ 

trtcity — The  necessity  of  the  cells  being  .insuhttd 

^i-^In  a  series  qf  batteries^  tliey  shgy^ld  all  ^ff.ftf 

equal  powers  and  surfaces^ 

SOON  after  the  important  communication 
of  Vqlta  on  the  self-charging  power  pf  his 
nioto-ele<9:ric  apparatus,  the  celebrated  French 
chemists,  Fourcroy,  VAuauELiN  and  Thbnari^, 
supposing,  a  priori,  that  the  efFedls  would  he  in 
proportion  to  the  metallic  surfaces  exposed, 
constru6led  plates  of  zinc  and  copper  about  nine 
or  ten  inches  in  diameter,  The  plates  which 
had  been  previously  employed,  rarely  exceeded 
the  size  of  half-a-crown.    A^  pijie  q£  these  large 

A  a  4  pl»te$ 
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plates  exposed  a  surface  about  40  times  *  greatep 
than  that  of  the  small  plates,  it  was  espefted 
that  tlic  efFeifls  produced  from  ten  such  plates 
would  have  equalled  the  effei^ls  of  four  hundred 
of  the  smaller  ones  ;  but,  to  their  great  surprize, 
the  aboi-e  experimenters  found  that  the  sensa- 
tions were  the  same,  from  an  equal  number  of 
each  ;  and  that  the  extent  of  surface  did  not 
make  any  sensible  difference.  The  power  ap- 
peared to  be  regulated  by  the  number  of  the 
plates,  and  not  to  be  influenced  by  the  surfaces 
exposed.  They  were  equally  surprized,  when 
they  found  that  a  series  of  ten  large  plates,  the 
efFecbls  of  which  on  the  human  frame  could  with 
difficulty  be  perceived,  possessed  a  power  of 
tinning  finely  drawn  wires,  and  of  deflagrating 
laminated  metals,  such  as  gold  and  silver  leaves, 
equal  to  that  of  four  hundred  smaller  plates,  the 
•euili  of  whose  surfaces  was  equal  to  the  surface 
■  of  the  larger  ones.  These  curious  fa<£ls  led  to  an 
important  dedudlon,  that  the  influence  of  the 
galvanic  fluid  on  the  human  frame,  is  in  propor- 
tion to  the  series,  or  number  pf  the  plates  em> 


*  A  half-ciown  measures  ^bouf  1^  inch  in  diameter,  antl 
tbe  dbnitters  of  tlie  large  plates  being  estimated  at  10  mche«, 
as  ilie  nttas  of  circles  are,  in  proportion  to  each  other,  as  tbe 
squares  of  their  diameten,  the  ratio  will  be  as  lOO  are  to  Sj, 
or  as  1  is  to  40. 

ployed ; 
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f)k)yed ;  while   its  eflTedls  on  metals  are  in  the 
ratio  of  the  surfaces  exposed. 

In  the  course  of  my  inquiries*,  I  have  not 
heard  of  any  attempt  to  explain  these  remarkable 
and  curious  circumstances.  As  such  inquiries 
appear  to  me  to  be  of  considerable  importance  in 
{his  branch  of  natural  philosophy,  I  shall  presume 
4o  su^^est  such  explanatory  conje(Siures  as  have 
occurred  to  me. 

The  quantity  of  elefiricity  evolved  frora^  each 
plate-  I  have  already  shewn  to  be  so  extremely 
0)inute,  as  to  require  an  accumulation  before  the 
most  sensible  artificial  ele<5lroscope  can  be  disr 
turbed.  To  conduct  the  portion  of  electricity 
which  is  thus  disengaged,  such  media  must  be 
employed  as  occasion  the  least  resistance  to  its 
passage.  It  is  well  Jcnown  to  eledlricians,  how^ 
l&xtremely  difficult  it  Is   to  liberate  a  jar  once 


•V 


.*  In  itbe  French  Memoirs  several  ingenious  remarks  are 
mad^  by  Biot,  on  the  surfaces  of  plates.  He  observes,  tliat 
the  circumstance  of  small  plates  giving  equal  shocks  tvith 
large  on^es^  depend^  oi^  the  velocity.  If  there  be  a  less 
mass  of  fluid,  the  velocity  will  be  greater )  if  a  greater  mass, 
it  will  jbe  less.  As  shocks  ^epend  on  the  velocity  of  the  fluid, 
they  will  npt  be  increased  by  the  size  of  t^ie  plates  |  while 
metallic  conibgstion  yrill  depend  on  its  mass.  I  presume  that, 
from  the  esperiments  I  have  adduced,  this  theory  of  Biot  will 
})e  found  incorred,  as  to  any  difference  of  velocity.  It  will 
pdeed  be  the  reverse  of  what  B107  has  asserted. 

cljarged. 
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-charged,  of  eveiy  portion  of  electricity  3  sftar  tl» 
metallic  circuit  has  been  compieScd  flvQ  or  tan 
times,  a  sufiicient  prapottion  remains,  to  produce 
a  digtorbance  in  the  galTaixmicter,,  i 

■  If,  insfcafl  of  a  metallic  circuit  from  the  insicie 
■to  ihe  outside  of  the  jar,  the  Ixuinan  body  be 
substituted,  it  becomes  almost  impossible  to  pei*- 
^eMy  eqoalize  the  jar.  Mr.  Cavendish  has  de- 
monstrated, that  the  coiidut'tiiig  powers  of  water)* 
for  ekfftricflty,  are  one  million  times  less  thiui  the 
powers  of  metallic  bodies  ;  or,  which  is  the  eaiM, 
thiit  the  resisting  power  of  water  to  llie  passage 
of  electricity,  is  one  million  times  greater  than 
the  resistance  from  metallic  bodies. 

A  battery,  discharged  through  an  interrupted 
circuit  in  a  tube  of  water,  will  burst  the  tube; 
while  the  same  charge  will  be  tranquilly  con* 
-dueled  by  a  fine  metallie  wire. 


*  Mr.  Cavendish  shewed,  by  a  very  ingenions  cxperi- 
menl,  ilut  a  culiic  font  of  water  is  merely  capable  of  Iraiu- 
niiuing  a  fulUliecliarge  from  a  jar  otonefootof  coalej  surface. 

In  the  Pliilosophieal  TransaSions  for  J776,  Mr,  CavbI!- 
DISH  observed  that  a  piiceof  iron  n'ire,  400  millions  of  iocIks 
in  length,  resists  llie  passage  of  electricity  no  more  than  ooe 
inch  of  water,  of  the  ^muc  cylindrical  dimensions  as  one  inch 
of  the  iron  wiie.  By  vl^at  experiments  this  celebrated  pbilo- 
sopher  was  ted  to  the  abiive  condusi'in,  I  am  ignorant;  in  ibe 
paper  in  question  he  saj-s,  thai  the  conducing  powera  of  iron 
to  water  are  as  four  hundred  milKous  to  one. 

The 
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The  human  body  being  constituted  of  eon- 
ducting  media  nearly  equal  towater^  must  there^ 
ibre  considerably  resist  the  passage  of  eledlrioityC 
As  the  efFedls  can  never  be  greater  than  the 
cause,  such  an  intensity  of  eledtrioity  muBt  re- 
main on  the  plates  as  to  be  equal  to  the  i^st)* 
ance  through  the  body.  In  such  weak  accumu^ 
tations  as  occur  in  galvanic  operations,  little  more 
ican  be  transmitted  through  the  body^  than  a 
portion  of  the  fluid  v^ith  which  it  is  in  oont^dl. 
If  two  fingers  be  employed,  instead  of  on^,  the 
sensations  will  be  greater.  In  a  trough  consist- 
ing of  a  series  of  large  plates,  if  three  or  four 
persons  form  as  many  circuits,  from  the  dine  to 
the  copper  end  of  the  battery,  very  little  diflSj- 
rence  will  be  experienced  by  an  additional  pei^- 
Bon  who  at  this  period  receives  a  shock. 

If  a  small  metallic  wire  be  extended  front  one 
end  of  the  trough  to  the  other,  such  a  commu- 
nication will  efFedtually  prevent  any  sensations 
))eing  induced  by  the  application  of  the  hands. 
The  condudiing  powers  of  metals  are  so  superior 
to  those  of  animal  bodies,  as  to  have,  compara- 
tively, a  small  portion  of  the  fluid  on  the  plates ; 
and  hence  what  they  transmit  will  be  in  propor- 
tion to  the  surfaces.  But  so  imperfecft  a  conduc- 
tor as  the  human  frame,  transmitting  merely  the 
portion  with  which  it  is  in  contadt,  can  thqn 
only  convey  what  is  jnore  than  a  halaoce  £or 

its 


364  ON  METALLIC   SUBFACES 

its  resistance*;  all  the  plates  possessing  equal 
intensities,  will  give  out  equal  quantities,  there- 
fore the  sensation  will  be  netirly  in  proportion  to 
the  series  and  not  the  surface. 

Some  idea  may  be  formed  of  the  great  degree 
of  resistance,  in  the  .passage  of  the  galvanic  fluid 
through  animal  substances,  by  the  following  faift ; 
that  if,  in  the  case  of  a  powerful  accumulation  of 
three  or  four  hundred  plates,  five  op  six  persons 
form  a  circuit,  the  sensation  is  very  trivial,  when 
compared  to  the  one  experienced  by  a  wngle 
person  by  whom  the  circuit  is  formed. 

As  I  could  not  observe  any  sensible  difference 
in.  sensation,  from  a  battery  consisting  of  50 
square  plates,  the  sides  of  the  squares  measuring 
each  two  inches,  and  from  a  battery  of  the  same 
number  of  plates,  the  sides  of  which  measured 
four  inches,  notwithstanding  each  pf  the  plates 
of  the  latter  exposed  a  surface  four  times  greater 
than  that  of  the  plates  of  the  former,  I  was  in- 
duced to  suppose  that  the  same  rule  would  hold 
good  with  batteries  constituted  of  still  smaller 
plates. 


*  Supposing  the  intensity  of  dcftricity  to  be  equal  to  ten, 
and  the  resistance  of  (he  body  equal  to  6,  it  is  evident  that  4 
will  express  the  quantity  transmitted.  If  the  resistance  of  a 
metallic  substance  be  supposed  equal  to  1  90)7,  \beu  ibe 
quaotity  tnDsmicted  will  be  equal  to  g. 

To 
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To  deteftnine  this,  I  constru6led  a  battery  of 
six  hundred  plates,  each  measuring  on  one  of 
its  sides  only  three-fourths  of  an  inch  *,  and  ex- 
posing a  surface  of  very  little  more  than  the 
half  of  a  square  inch.  The  shock  from  two 
hundred  of  these  plates  was  violent  ;  but  not 
quite  equal  to  that  of  the  same  series  of  larger 
plates.  After  the  first  shock,  the  second  was 
very  feeble ;  the  third  still  fainter ;  and  so  on 
until  the  tenth,  which  was  hardly  discernible. 
A  circuit  formed  with  the  whole  of  the  battery 
was  at  first  so  extremely  violent  as  to  produce  a 
very  unpleasant  sensation ;  but  every  successive 
communication  became  weaker  and  weaker,  -till 
about  the  tenth  shock,  when  it  was  so  faint  as 
scarcely  to  be  felt. 

This  I  found  to  be  invariably  the  case  when 
the  coihmunications  were  made  rapidly ;  but 
when  I  left  an  interval  of  about  five  minutes^ 
every  succeeding  shock  was  equally  violent. 

These  curious  fadls  will,  I  presume,  tend  to 
the  elucidation  of  the  reasoning  above  stated. 

When  a '  large  metallic  surface  is  ailed  on, 
upon  the  abstractions  of  a  certain  portion  of 
eledlricity,    the  remaining    quantity    becoming 


■■*■ 


f  The  plates  measured  one-fourth  less  wheu  cemented^ 
frooi  0  portion  of  the  surface  being  covered  with  the  ceooent 
employed :  the  measure  given,  b  what  was  exposed  to  tht 
adion  of  the  fluid. 

equally 
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equally  diffused,  the  inten^iity  at  that  ioBtanty 
supposing  no  more  to  be  deioinposed,  wiil  be  in 
the  proportion  of  the  remaining  quantity  to  the 
tjaantity  which  existed  previously  to  the  abstrac- 
tion. 

Supposing  the  quanlity  of  elei5lricity  on  the 
Eurface  of  a  large  plate  to  be  estimated  at  one 
hundred  thousand,  and  the  quantity  abstrailed 
by  Uve  contact  of  an  animal  body  to  be  equal  to 
one  hundred,  it  is  evident  that  the  intensity  o( 
the  eieiStrrcity  on  the  plate,  after  the  abstrat^ioii, 
will  be  lessened  by  one  thousandth  part  only. 
A  plate  having  a  tenth  part  of  the  dimeoBions  of 
the  former,  will  hare  a  quantity  equal  to  tea 
thousand ;  and,  after  the  abstraction,  its  inten- 
sity will  be  diminijihcd  (ine  hundredth  part  only. 
}m  either  case,  the  consbint  decomposing  process 
yifHi  s^ipply  the  de6ciency ;  insomuch^  that  the 
puhsequent  actions  will  appear  uniformly  equa) 
from  a  plate  of  either  size. 

If  the  nFietallic  plate  have  only  the  hun^edtb 
pari  of  the  size,  the  quantity  of  ele^ricity  witf, 
]fL  tl|9  »ame  proportioB,  be  expressed  by  a  thou- 
fAuA,  One  hundred  particles  of  electricity  bmng 
a^iF»Bei,  the  intensity  on  the  pUfe  will  be  di- 
imfH«hed-efle  teathr-  The  &\ydifymg- ffoems^  m 
going  on,  requires',  to  supply  this  dfefiaiency,  a 
tinie  which  IS  hot  .reqjiired  in  the  cgse  of  the 
larger  plates. 
\ ..  From 


'Fr(Miitb«  above  observatitms  it  will  app^dr, 
that  there  are  certain  liiriits  relative  to  the  -siae 
df  the  plates  5  and  that  the  oxydifying  process 
is  A  very  gradual  operatioia  *..         ' : 

As  the  cells  of  a  battery,  or  the  interposed 
discs  of  a  pile,  are  replete  with  -fleids^  ^hich/  are 
gbod  coftdtidbors'of  eleflricity ,  tit -was  ^resamafale^ 
on  ian  early  view  of  the  subject,  that  an  -equalin 
f:rtk>tt  would  take  |)Iace. 

Thtft  this  does  ^6t  Joccun,  l^  been  conje<9iirttl 
1^  feeVetlal  «xperimiiter8,  to  arise  from  the  iro- 
petk&kati  of  the  confliwfting  medium.  This  i* 
rMy  ho^^ever^  thexause-;  and  on  a  strii^^nqmryi 
iv^  i^hall  find  the  iadt  to  be  consonant  to  iootn^ 
tmm  irfecftriG  charges.  Suppose  Fig.  4,  Flate  Vtl* 
%0¥6pre*deiit  a  smalllmtteiy,  and  l,  2,  a,  to  con'*> 
stitWte  the  Gdh:  if  the  inequaKty  were  owhig 
to  the  imperfedhion  of  the  condudting  medium^ 
Hits  %o^d  be  ascertained  by  the  interpositbn  of 
U  ttietldlic  si^bstani:)e  connedting  one  plate  with 
Vfloth^.  ^li^idi^this  view  1,2^  %  are>raade  rto 
t^rtoe»t  ipV0ces  K){  thick  copper  wire^  .  plaoed 
^e^  4kfSt^&t^iiO  another.  With  thisdondudi^ 
Itig  m^ditliYi)  tht  best  we  faave^  'the  Charge  its^ 
lM\fevit,  m  tio  degme  diminished. 


*  It  is  upon  this  priDciple^  that  a  battery  conflistiipg  of  small 
plates  is  more  readily  oxydated  than  a  series  of  lai^e  plate^^ 
afthough  ander  equal  X)pera6oDfl. ' 

The 
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The  PBtablishment  of  a  communication  Be- 
tween the  zinc  surface  of  one  plate,  and  the 
Copper  surface  of  the  next,  cannot,  upon  ilie 
principles  of  charged  jara,  produce  an  equaliza- 
tion. 

A  simple  galvanic  comhination  is  to  every 
purpose  and  intent  a  Leyden  jar;  and  the  Vol- 
taic accumulation,  the  battery.  ^M 

Instead  of  two  metallic  plates,  let  us  substlH 
tute  two  Leyden  phials ;  and  we  shall  find  the* 
results  precisely  the  same.  Let  these  two  jars 
be  charged,  afterwards  disengaged  from  the 
prime  condut^or,  and  then  placed  on  an  in- 
sulating stand.  When  they  are  in  this  situatioH, 
on  a  communication  being  formed  from  the  out- 
side of  one  jar  to  the  in;ide  of  the  other,  the 
eleftrical  efFeiSts  will  not  ensue,  although  a  com- 
munication is  formed  between  the  sides  of  two 
jars,  in  contrary  states  of  electricity.  Consonant 
to  the  theory  I  have  already  laid  down,  the 
charges  of  a  jar  take  place  in  the  portion  of  air 
alone  which  is  contiguous  to  the  surface  of -the 
glass  ;  the  columns  withinside  consisting  of  elec- 
tricity without  air,  and  the  columns  contiguoui 
to  the  outside  coating  being  constituted  of  air 
without  eleiElricity.  When  these  columns  are  in 
the  above  state.  In  consequence  of  their  re- 
ciprocal actions  and  re-a£tions,  a  change  cannot 
be  induced  on  one  of  the  sides,  unless  by  a  coitf- 
muaicatioa 


)nvinication  with  the  other  side.  To  produce  a 
difioharge,  a  circuit  most  be  formed  from  the 
inside  to  the  outside  of  the  same  identical  jar ; 
and  not  to  the  outside  of  another  jar:  I  should 
presume  that  the  application  of  this  theory  to 
the  explanation  of  the  phenomena  of  the  gal- 
vanic plates,  is  veny  obvious.  To  produce  a|i 
iequalization,  it  is  necessary  that  a  communica-^ 
tion  should  be  formed  between  the  copper  and 
sAn^  ^surfaces  of  the  same  plate »  In  efFed^ing 
Ihis,  itisnqt  necessary  that  the  condudling  me- 
dium which  forms  the  circuit,  should  be  in  ac- 
tiiilcontaiB:  with  the  copper  and  zinc  surfaces: 
itisufHces  that  it  should  enter  into  the  liquid 
contiguous  to  each  of  the  surfaces.  This  is  aa 
od^itiorial  proof  that  the  defedl  of  equalization 
does  not  depend  on  the  imperfedlion  of  the  con- 
dn^^ing  medium.  When  a  diluted  acid  is  em- 
^oy^,  «s  the  fluid,  its  conducting  powers  are 
Very  superior  to  those  of  water. 

in  discharging  a  galvanic  battery,  the  sensa- 
tion will  be  in  proportion  to  the  number  of 
iplates  between  the  points  of  conta6l.  We  will 
suppose  the  trough  A  B  C  D,  Fig.  2,  Plate  VII; 
to  consist  of  sixty  plates.  If,  between  B  and  Ij 
there  are  fifteen  plates;  and  between  1  and  2; 
Q>  and  3  ;  and  3  and  C,  the  same  number ;  and 
^f  one  of  thcj  hands  be  applied  at  B,  and  the 
other  at  C,  the  whole  force  of  the  battery  will 

VOL.  II.  B  b  be 
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be  experienced.  But  if  one  of  the  hands  be  ap- 
plied  at  B,  and  the  other  at  1,  only  one  fourth 
of  the  short  will  be  felt;  and  it  is  consequently 
in  proportion  to  the  number  of  the  plates  be- 
tween the  two  hands.  In  this  way  a  given 
power  of  eletlricity  is  divided  into  any  re- 
quired minute  portions,  with  an  accuracy  which 
cannot  be  imitated  on  the  common  eleftrical 
apparatus. 

When  a  communication  is  formed  between 
B  and  C,  it  ajjpcars,  at  a  first  view,  to  contro- 
vert  what  has  been  already  stated,  relatively  to 
the  necessity  of  conneifting  the  zinc  side  and  the 
topper  side  of  the  same  identical  plate,  in  order 
4q  produce  a  discharge  ;  seeing  that  tlie  charges 
of  all  tlie  jjlatcn  .ire  thus  communicated.  Upon 
a  little  rcfiedlion,  it  will,  however,  be  obvious,  that 
this  is  a  necessary  result,  and  a  powerful  con- 
iirmation  of  the  do^rine  already  laid  down. 
When  one  of  the  hands  is  applied  at  B,  sup- 
posing the  latter  to  be  what  is  termed  the  cop- 
per part  of  the  trough,  and  the  end  C  the  zinc 
part,  the  hand  at  B  is  not  only  in  contadt  with 
the  copper  surface  of  the  first  plate,  but,  on 
account  of  the  regular  chain  of  good  condudling 
media,  is  also  couned^ed  with  the  copper  surfaces 
of  the  other  pJates.  In  the  same  way  the  hand 
at  C,  which  touches  the  zinc  surface  of  the  same 
plate,  is,  by  a  similar  channel  of  communica- 
tioO) 
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tidh,  in  condudling  union  with  the  zinc  surfaces 
of  all  the  plates  towards  B.  Let  us  suppose  the 
plates  alone,  from  B  to  1^  to  be  under  the  gal- 
vanic  adlion ;  and  the  cells  from  1  to  C  to  be 
filled  with  pieces  of  charcoal  :  uppn  forming 
the  communication  between  B  and  C,  the  united 
po\yers  of  fifteen  plates  will  be  transmitted. 
Now,  the  plates  from  1  to  C,  in  this  case,  a6l 
merely  as  conducting  media.  It  is  precisely  the 
same  when  all  the  cells  are  filled  with  an  acid 
solution.  This  fluid  keeps  up  the  connexion  of 
the  chain  from  plate  to  plate;  and  they  then 
reciprocally  adl  as  condu6ling  media  to  each 
other.  . 

From  these  observations  may  be  perceived  the 
necessity  of  the  cells  being  insulated  in  such  £t 
way  a^  that  the  fluid  cannot  pass  from  one  td 
the  other.  If  such  a  communication  should 
exist,  there  would  then  be  a  conne6ling  medium 
from  the  copper  surface  to  the  zinc  surface  of 
the  same  plate^  On  this  account  it  is  necessary 
that  ieach  plate  should  be  well  cemented  in 
the  apparatus.  When  a  battery  is  carelessly 
made,  the  appearance  of  the  plates  will  evince 
the  non-insulation  of  the  cells.  As  was  before 
observed,  the  oxydifying  process  can  only  eon- 
tinue  in  proportion  as  the  decomposed  eledlricity 
Is  disengaged.  Thus  the  plates  which  constantly 
have  a  connedting  and  condudling  medium  from 
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the  copper  surface  to  the  zinc  surface,  are  rajHtlijr 
oxydutcd  ;  while  the  other  plates  merely  undergo 
changes,  at  each  of  the  instants  when  the  cir- 
cuits are  completed. 

In  combining  several  batteries*,  care  should 
be  taken  thnt  they  be  nearly  of  equal  force.  If 
an  imperfed  battery  be  interposed,  the  united 
power  of  ihe  whole  will  be  merely  equal  to  the 
same  series  of  the  imperfeft  one.  In  pro- 
Cesses    of  deflagration,    a  battery  -f-    consisting 


*  If  an  imperfeft  battery,  consisting  of  fifty  plates,  br 
titiited  with  live  good  baiteries  having  the  same  number  of 
Irintes,  Ihe  riFefl  of  the  whole  will  simply  be  eqaal  to  eii 
limes  ihc  power  i.'f  the  imperfect  battery.  Supposing  ihe  im- 
perfection to  arise  from  the  non-insulation  of  the  cells,  the 
same  circumstances  which  occasion  its  own  charge  to  be 
weakened,  will  proporllonably  prevent  the  transmission  of 
higher  charges  from  another  bnttcry. 

f  If  abatlery  of  plates,  bEiving  a  stiTl^ce  of  thirly-tis  iocfaa, 
tc  conrefted  with  another  battery  of  plates  having  a  suriice 
of  one  liundred  inches,  their  combined  effeds  will  differ  bat 
lUtle  from  the  proportion  of  their  suriaccs.  But  if  to  these 
two  batteries,  another  with  plates,  having  an  incft  only  of 
wrface,  be  added,  the  power  of  (he  whole  will  be  diminished. 
It  is  (he  same  with  ele^ricity.  If  three  jars  of  tUfferaiC 
Hzes  be  charged,  one  espoeing  a  sur&ce  of  coating  of  a 
foot  in  dimension,  another  of  half  a  foot,  and  the  third  of 
onc-fourlh  of  a  foot,  their  united  powers  will  be  very  litile 
more  than  would  result  from  thrice  the  lurfaee  of  ibe  tinallei 
jar, 

•f 
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of  small  plates  should  not  be  ranged  with  a 
battery  having  large  plates,  the  eft'eds  of  the 
latter  being  diminished  considerably  by  the  for- 
mer. 


B  b  3  CUAP^ 
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CHAP.  XXXII. 

On  the  decomposition  of  water,  by  Messrs.  Cab- 
LISLE  and  Nicholson — Richtek'.v  experimenls 
to  skew  that  the  eJfeSls  are  contrary  to  the  theory 
of  Lavoisier — Remnrbx  on  the  inaccuracy  of 
the  above  experiments — Dr.  Gibbes'  Ttt^n  tfieonj 
— Dr.  WoLLAsrON  and  Dr,  Pearson  on  the 
decomposition  of  water  by  eleSfricity — On  tlie 
decomposition  of  infia/nmable  fluids — Remarks 
on  the  decomposition  of  water' — Covjedlures  on 
this  operation. 

IT  has  been  frequently  remarked,  that  Great 
Britain  has  given  birth  to  very  few  philosophical 
discoveries  :  and  it  has  been  conjeifttired  that  its 
inhabitants  do  not  possess  the  lively  and  inven- 
tive imagination  necessary  to  their  production. 
Altliough  France  can  boast  a  Lalande,  a  La- 
place, and  a  Laghange,  as  well  as  a  Chaptal, 
a  Berthollet,  a  Guyton,  a  Fouhcroy,  and  a 
Vauquelin  ;  and  notwithstanding  Italy  has  rea- 
son to  be  proud  of  Fontana,  Volta  and  Gal- 
VANi ;  still  I  presume  that  we  shall  not  sink  in 
scientific  estimation,  while  we  can  reckon  such 
names  as  those  of  a  Cavendish,  a  Priestley, 
a  KiE- 
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a  KiRWAN,  and  a  Banks.  Whatever  superiority 
of  invention  the  continental  philosophers  niay 
claim,  science  is,  in  general,  indebted  to  our  ex- 
perimenters, for  the  perfe6lion  of  the  discoveries 
which  have  from  time  to  time  been  made. 

Relatively  to  galvanism,  which  is  become  a 
new  branch  of  natural  philosophy,  the  labours , 
of  the  British  philosophers  have  been  eminently 
distinguished.  The  earlier  periods  of  galvanic 
researches  were  enriched  by  the  valuable  obser- 
vations of  Monro,  Fowler,  Robison*,  Wells 
and  Hunter  ;  and  since  the  discovery  of  the 
Voltaic  pile,    Messrs.   Nicholson,    Carlisle, 

WOLLASTON,      CrUICKSHANK,      DaVY,       PePYS, 

&c.  have  devoted  to  this  science  considerable 
attention ;  insomuch,  that  their  inquiries  have 
been  disseminated  through  every  civilized  coun- 
try, by  the  highly  respe6lable  media  of  Nichol- 
son's Journal,  and  Tilloch's  Philosophical  Ma- 
gazine. 

Soon  after  Volta's  communication  to  Sir 
Joseph  Banks,  that  distinguished  patron  of  the 
sciences  transmitted  the  particulars  to  Messrs. 
Carlisle  and  Nicholson,  from  whose  scienti- 


*  Tliis  gentleman  ought  not  to  be  confounded  with  a  French- 
man of  the  name  of  Robertson,  who  has  exhibited  a  large 
Voltaic  pile  in  Paris,  and  by  whom  the  original  phantasma« 
goria  was  exhibited  in  that  capital. 

B  b  4  fic 
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fic  skill  he  had  reason  to  espe<3:  that  the  espm- 
ments  of  Volta  wooM'  be  repeated  with  every 
requisite  attention.  Upon  the  pile  being  con- 
struifted,  and  the  coinmunic;ition  formed,  Mr, 
Carlisle  perceived  thnt  several  bubbles  of  air 
Were  disengaged  from  the  moisture  on  the  top 
of  the  pile.  From  the  smell  Mr.  Nicholsos 
conjeflured  it  to  be  hydrogen  gas  ;  and  that, 
during  the  process,  water  had  been  decomposed. 
It  had  been  asserted  by  CnETE,  four  or  five  years 
before,  that  in  every  galvanic  operation  water  is 
decomposed ;  but  this  was  merely  conjedture, 
unsupported  by  any  proof,  and  cannot  therefore 
have  diminished  the  merit  of  the  real  discovery. 
It  occurred  to  Mr.  Nicholson,  that  if  thesbocl 
ivere  to  be  tr^Tu ■emitted  through  an  interrupted 
circuit  in  water,  the  fa*^  of  the  decomposition 
would  be  ascei'tained.  With  this  view  he  con- 
stru<5ied  an  apparatus  similar  to  the  one  described 
by  Fig.  3,  riateVU.  in  which  AB  represents  the 
Voltaic  pile,  and  C  D  a  glass  tube  filled  with  water, 
a  wire  proceeding  from  the  upper  part  of  the 
pile  into  the  tube  at  C,  and  ending  at  e,  while 
another  wire  passi'S  from  the  bottom  of  the  pile 
through  the  end  D  towards y,  leaving  an  inter- 
ruption, e,f.  The  apparatus  having  been  tlnis 
arranged,  one  of  the  wires  was  observed  rapidly 
to  give  out  a  gas,  which,  on  examination,  proved 
to  be  hydrogen ;  while  tlie  other  became  oxy- 
dated. 


4ated.  When  wires'of  gold  or  platina  were  e»- 
plo}'scd,  these  bei-ng  n€>R-oxydabi€  Hieteisf>  oiiygea 
iiras,  as  well  as  tile  hydrogen  gas,  given  out.  It 
iliras  invariafely  i^emai^ked^  that  the  wire  G(Mne(^te4 
with  the  zinc  end  of  the  battery  gave  out  oiyg<tn> 
and  the  other  wire  hydrogen  gas  *, 

When  the  above  carious  experiments  >¥eEe  re- 
peated in  Grerniany,  by  Rkjhter  and  others-,  k 
having  been  observed  that  a  decompositioa  of 
the  water  took  place,  even  when  the  wirefr  were 
ft  a  distance  from  each  other,  a  doubt  was  en?- 
tertained  relatively  to  the  accuracy  of  the  de- 
^composition.  Whea  the  wir-es  are  separated  by 
a  space  of  two  inches  even,  air  is  given  dut  fmely 
ffet  both  of  them,  the  one  giving  out  hydrogea 


^  I  find  the  anrangement  represented  by  Fig.  2,  Plate  VIL 
$p  be  more  convcHient.  A  wire,  r,  which  slides  on  one  of 
the  plntes,  supports  a  brnss  cup,  in  the  centre  of  which  is  a 
pair  of  bras9  pincers  holding  a  piece  of  gold  wire;  over 
these  pincers  a  glass  tube  is  placed*,  having  at  its  extremity,  o, 
a  piece  of  gold  wire  sfsaied  in  with  a  glass,  which  ^odd  not 
)teuch  the  wire  at  p.  The  tube  and  brass  cup*  being  filled  with 
y^ater,  a  wire,  onm,  connected  witii  the  top  of  the  glass 
tube,  joins  the  other  end  of  the  battery,  by  which  means  the 
drcuit  is  completed  and  the  decomposition  goes  on.  As  the 
gases  are  disengaged,  they  rise  up  to  the  top  of  the  glass  tob^q, 
«Rd,  pressing  the  water  into  the  cup,  the  process  ttriiU.  go  on 
till  the  whole  of  it  is  pressed  beneath  the  upper  wire;»  Tbi 
operation  then  c^ses. 

gag, 
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gas,  and  the  other  osygen  gas.  As  water  i» 
supposed  to  consist  of  osjgen  and  hydrogen,  it 
becomes  difficult  to  conceive  how  one  and  the 
eame  identtcii!  particle  of -water  can  be  s&ed 
upon  by  the  two  mres  at  one  and  the  same  in- 
stant. One  component  part  of  a  particle  ol^ 
water  cannot  be  disengaged  without  the  other 
Component  part  being  developed  ;  and  had  this 
conjeiftiire  proved  to  be  founded,  it  would  hare 
miiitiited  against  theLavoisierean  theory;  RiCH- 
TEB,  on  a  supposition  that  the  same  identical 
particle  of  water  is  not  a6\e(i  upon  by  both  mres, 
conMrufled  an  apparatus  with  a  view  of  proving, 
tlwt  by  having  recourse  to  two  separate  portions 
of  wster,  one  could  be  so  arranged  as  to  give 
out  hydrogen  without  oxygen,  and  the  other, 
oxygen  without  hydrogen ;  and  that  consequently 
this  would  be  a  demonstrative  proof  that  the 
■  same  identical  particle  of  water  is  not  decom- 
posed by  the  two  wires. 

Witii  this  view  he  arranged  an  apparatus  simi- 
lar to  Fig.  %  Plate  XI.  ABC  being  a  curved 
glass  tube  placed  in  a  glass  vessel  of  water.  A, 
and  E  two  smalt  glass  bells  suspended  on  a 
rod,  ZC.  These  bells  are  filled  with  water,,  and 
placed  over  the  aperture  B  C  of  the  tube  ;  at  B 
a  gold  wire  enters  the  tube,  and  has  its  outward 
«nd  connected  with  the  zinc  end  of  the  battery. 
At  C  is  a  similar  wire  in  union  with  the  copper 
I    *  end 
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,end  of  the  battery.  The  part  of  the  tube  A, 
is  filled  wUh  sealing;  wax,  through  which  runs  a 
small  gold  wire.  When  the  apparatus  has  been 
thus  arranged,  Richter  asserts,  that  in  the  bell 
A  there  will  be  hydrogen,  without  the  other 
component  part  of  the  water ;  and  in  the  bell 
E,  oxygen  gas  without  hydrogen  *. 

To  ascertain  this  point  corre6lly,  I  placed  at 
the  zinc  and  copper  extremities  of  a  large  battery, 
^as  at  Fig.  6,  Plate  VI.  two  glasses  for  the  de^ 
composition  of  water,  such  as  are  described  at 
the  commencement  of  this  chapter.  By  con- 
nedling  the  upper  gold  wires  only,  in  the  tubes 
a  by  with  the  wire  c  d,  the  principles  of  the  ap- 
paratus being  precisely  thei  same  as  those  of  the 

• 

one  described  by  Richter,  in  this  case  the  gold 
wires  in  each  of  the  tubes  of  water,  were  ob- 
served to  give  out  gases  freely ;  but  when  so 
much  air  was  given  out  as  to  press  the  water  be- 
low the  upper  gold  wire,  the  operation  ceased. 
The  battery  I  employed  consisted  of  sixty  plates, 
each  exposing  a  surface  of  sixteen  square  inches. 
Upon  disengaging  the  wire  from  ^,  by  applying  it 
to  the  last  plate  in  the  battery  at  N,  and  moving 
the  glass  a  till  the  two  gold  wires  were  brought 


*  This  is  not  precisely  the  apparatus  Richtea  emplojedi 
buL  the  principles  are  the  same. 

I 

nearly 
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neaply  into  contai5l,  a  luminous  ^ark  was  given 
out,  and  an  esplosion  ensued.  On  connetting 
the  wire  c  d,  with  the  gold  wire  at  b,  and,  de- 
taching the  other  end  from  a,  applying  it  in 
a  similar  manner  to  the  last  plate  towards  M,  an 
eX'plosion  also  took  place  at  b.  To  succeed  in 
this  experiment  the  gold  wires  in  the  pincera  are 
90  raised  up,  that  upon  moving  the  glass  tubes 
backward  and  forward  tliey  may  be  brought  into 
contact  with  the  upper  gold  wires. 

These  explosions  demonstrate  the  existence  of 
both  hydrogen  and  oxygen.  By  the  above  mode, 
the  elastic  fluid  which  is  produced  is  never  dia- 
tiM-bed  from  the  tubes.  When  a  weak  pile  is 
eoaployed,  the  wire  connedled  with  the  zinc 
end  of  the  battery  is  scarcely  perceived  to  give 
out  aiiv  gas.  To  tliis  circuui stance  I  attribute 
Richter's'  error,  independently  of  this,  the 
test  to  whicb  he  subjected  the  generated  aic  was 
very  inaccurate.  I  am  not  aAware  of  any  experi- 
tBent  in  which,  hydrogen  gas  is  given,  outy  as  a 
component  part  of  water,  without  it  being  possi- 
ble also  t&  detc£t  oxygen. 

The  decoiiipoBition  of  water  by  ele^rlcity  *, 
according 


*  Dr.  Pearson  supposes  the  decoraposltlon  of  walcr  bj 
elcQrichy  to  be  cffefled  by  tlic  interposition  of  tlie  dense  elec- 
tric fire,  betweeo  the  coDstitucDt  elemeots  of  the  watsr,  which 

ht 
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ttocording  to  the  mode  suggested  by  VaK:Ma- 
BUM,  is  a  very  tedious  process.    Dr.  Wollaston,- 


>  1  <i        m     ■■■■II      »■  »i 


.far  ^aces  beyond  the  sphere  of  aCtra6tlon  for  eadh  other,  eadfi 
ultamate  particle  tji  osy-gen  and  :fajdrogen  uniting  with  a  dQ-> 
terminate  qaantlty  of  tlic  eledric  fire,  to  beistow  on  them  their 
gaseous  form.  Hence  the  Dodor  supposes  that  the  ele6tric 
fire,  after  effeding  the  disunion,  assumes  the  state  of  caloric. 

On  the  reprodu6lion  of  water  by  the  passage  of  an  eledric 
ipark  tbroBgh  a  proportionate  quantity  of  oxygen  and  hydro- 
gen gases.  Dr.  Peak  SON  ingeniously  conje6tures,  that  byjtbn 
idfluQQceof  the-ele&ic  flame,  the  ultimate  particles  of  these 
gases,  the  nearest  to  the  flame^  are  driven  from  it  in  all  dl- 
regions,  so  as  to  he  brought  within  the  sphere  of  each  others 
attraftions.  In  one  of  these  cases,  pr.  Pearson  supposes  that 
the  caloric  destroys  the  attradion,  which  in  the  other  instance 
it  oecsstons. 

It  is  with  diffidence  that  I  take  on  me  to  controvert  tiie 
c^nioDs  of  this  very  respe6table  physician;  but  I  presume  that 
the  whole  of  the  phenomena  of  the  syntliesis  and  analysis  of 
water,  are  more  readily  to  be  explained  on  the  principles  I  have 
laid  ^own,  than  by  the  adoption  of  the  mysterious  ternie  of 
Attradion.and.ieptiUion.  By  the  operation  of  galvanism/^ater 
h  more  i^pidly  decomposed  than  by  comoaou  electricity.  la 
tfais^opeiation  there  is  no -evolution  of  dense  eledrical  fire;  but 
merely  a  curj-ent  of  a  small  intensity  of  electricity  adin^  per- 
manently and  incessantly.  To  reproduce  water,  a  flame  must 
1)e  generated  sufficient  to  kindle  the  contiguous  portion  of  tta; 
hydrogen  gas,  then  the  next  portion,  and  so  oa,  the  com* 
^bastion  being  preserved  by  the  .presence  of  the  oxygen  gas. 
As  these  processes  proceed  with  immense  rapidity,  as  soon  as . 
the  gases  are  intermixed,  ao  as  to  appear  like  one  sudden  fit* 
plosion,  the  caloric  of  each  of  them  being  thus  disengaged^ 
their  bases  unite,  and  constitute  water*. 

by 
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by  an  ingenioas  contrivance,  and  by  the  means' 
of  very  small  gold  wires,  has  succeeded  in 
decomposing  water  by  the  eledlrical  machine, 
neai'ly  in  the  same  manner  as  is  efFetted  by  gal- 
vanism. Van  Makom's  method  is  by  an  inter- 
rupted explosion  ;  while  ifi  the  CaSe  of  Dr.  Wol- 
LABTOtj's,  the  production  is  tranquil  and  pro- 
gresaive.  , 

.  Tho  decomposition  of  water  by  galvanism, 
is  of  great  use  in  the  elucidation  of  its  decompo- 
sition by  elaStricity,  which  has  excited  so  much 
the  attention  of  philosophers.  It  has  appeared 
difficult  to  comprehend  how  an  eleArical  explo- 
sion should  cffc-ftt  a  decomposition  of  water  ;  and^ 
when  it  lias  been  decomposed,  should  occasioa  ittf 
rt-compositibn. 

By  the  galvanic  opcrntion,  we  find  this  to  bd 
occasioned  by  the  passage  of  a  constant  Current 
of  a  smalt  intensity  of  cletlricity,  passing  through 
on  imperfedtly  conducting  medium.  The  re- 
sistance it  meets  with  occasions  the  separation 
of  the  Constituent  parts  of  the  watei',  thd  actual 
substance  of  which  is  pervaded  by  this  subtile 
principle,  which  thus  breaks  the  bond  of  union 
.of  its  constituent  parts. 

When  these  gases  are  inflamed  by  the  eledlriC 
'Spark,  it  is  not  the  electricity  which  direCUy 
Occasidrts  the  explosion ;  it  being  produced  by 

the 
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the  caloric  elicited*  from  other  substances,  by 
the  interrupted  passage  of  the  eledlric  fluid. 

When  water  is  decomposed  by  the  process  de- 
scribed by  Van  Marum,  the  efFe<Sl  is  occasioned 
by  the  passage  of  the  electricity.  The  spark 
may  be  considered  as  a  casual  attendant. 
•  It  is  a  curious  and  remarkable  fa<5l,  that  inflam- 
mable fluids^  such  as  oil,  alcohol,  &c.  cannot  be 
decomposed  by  the  galvanic  process,  unless  by 
the  medium  of  the  passage  of  a  spark.  Thus,  in 
Fig.  4,  Plate  VI.  supposing  C  JD  to  represent  a 
glass  vessel  half  filled  with  alcohol  ;  let  A  B  be 
two  pieces  of  well  prepared  charcoal,  one  of  them 
connected,  by  means  of  a  wire,  with  the  zinc 
end  of  a  powerful  battery,  and  the  other  piece 
joined  in  the  same  way  to  the  copper  extremity. 
As  often  as  the  ends  E  F,  which  are  immersed 
in  the  alcohol,  are  brought  into  contact,  a  bril- 
liant spark  is  produced,  and  bubbles  of  air  ^re 
given  out.  Upon  continuing  the  process,  pro- 
vided the  battery  be  very  powerful,  the  spirits 
will  almost  boil.     The  air,  which  is  rapidly  dis- 


*  Eleftricity,  when  it  breaks  through  resisting  media,  pro- 
duces an  explosion  proportionate  to  the  resistance  it  overcomes. 
It  disengages  light  and  caloric  from  the  body  through  which  it 
passes  i  and  the  caloric  seems  to  be  disengaged,  in  the  sam« 
way  as  it  is  liberated  by  bodies  in  a  state  of  combustion. 
Pledtricity  will  however  inflame  warm  spirits,  which  a  heated 
body  caonot  do, 

engaged. 
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engaged,  when  collected  in  a  receiver,  proves  to 
consist  ot'cai^bonic  acid  gas,  and  iiydro-carbonate 
gas.  As  alcohol  is  composed  of  oxygen,  liydro- 
gen,  and  carbon,  at  the  lustaiit  of  decompoaition 
new  combinalions  take  place.  The  nascent 
hydrotrcn,  uniting  with  the  carbon,  constitutes 
the  hydro-carbonate ;  and  tiie  remaining  por- 
tion of  carbon,  blended  with  the  oxygen,  forms 
ihe  carbonic  acid.  The  same  results  follow  the 
decomposition  of  oil*. 

The  decomposition  of  water  by  galvanism  is 
governed  by  the  laws  wiiich  apply  to  aniiiul  sub- 
stances. The  rapidity  of  tlie  decomposition  is  is 
proportion  to  the  number  of  the  plates,  and  sot 


*  Van  Mirl'^1  furrpcdpi!  in  drcomrio^irit:  various  Stfti- 
Itanccsby  Flcdricity,  afterits  tnteiisity  had  been  ceaaiderably 
diminitheid  t^  its  passage  thm^  «ii  axtuusledtresKlj 

Wben  asparkordeflrieity,  sent  througlia  vai3iHHn,.is-aiade 
tu  strike  on  waCtr  previously  iJivuted  of  its  qiniosftbcric.aii  by 
boilkig,  air  is  abundantly  given  out. 

IrVhen  alcohol  is  suly^fted  to  this  pro.cess,  an  air  wbidi 
pTOves-tobe  liydrogeii  gas,  is  rapidly  given  oat.  On  cauMtc 
aoMWiiia  being  «:)-ploy«l,  ^  coJnmn  of .ail.of .twen^rone 
inches,  .was  produced  iii  live,  mi au tea.  The  ammonia  gave  out 
bydiogen  and  azoie.  I'be  air  produced  from  the  water  was 
bydrcgen.  In  concentcated  sulphuric  acid  no  change  vsi 
induced.  The  carbonate  of  jioiaih  did  not  give  out  any  air; 
but  the  carbonate  of  ammonia  gsi-c  out  gas  rapidly  ;  solutiotM 
tqf  silver,  copper,  iron,  lead  and  quicksilver  in  nitrous  acid, 
and  of  gold  in  aqua  regia,  did  not  afford  any  prcdpitalion 
■wljeaa^latina  wire  was  employed. 
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to  the  surface ;  till  we  reach  the  liiAits  parfeifctt- 
larized  in  speaking  of  the  inftnence  of  small 
plates.  In  the  battery  of  600  small  plates  before 
described,  the  decomposition  is  by  no  meaws 
equal  to  a  battery  of  60*  piates,  each  of  which 
has  a  surface  of  four  inches. 

Dr.'GrBBES,  of  Bath,  ^  gentleman  of  con^(Jer* 
able  scientific  acquirements,  having  deduced  from 
the  experiments  of  Richter,  thAt  the*  tb6i(^ 
which  makes  the  component  part  of  Water >itb 
consist  of  oxygen  and  hydrogen  rs  iftcorr©^, 
submitted  to  the  Royal  Society  a  very  ingeniovrs 
hypothesis  *,  intended  to  controvert  the  present 
received  chemical  doc^lr^s.  FrOBfi  the  observa- 
tion that  the  wire  conneded  with  the  negative 
part  of  the  battery  gives  out  hydrogen  gas,  and 
the  one  connedled  with  the  positive  side  oxygctx 
gas,  he  supposes  water  to  be  an  elemeilt  consti*- 
tuting  the  ponderable  part  of  the  oxygen  and 
hydrogen  gases,  and  the  ele6lricity  to  consist  of 
two  distindl  principles,  viz.  positive  and  negative. 
The  positive  eledtricity,  united  to  water,  consti- 
tutes, according  to  him,  oxygen  gas  ;  and  the 
negative  electricity  forms,  with  the  water,  the 
hydrogen  gas.  As  Richter's  experiments  have 
been  found  to  be  erroneous,  tlie  ingenious  super- 


*  This  paper  is  not  published.  I  was  prcscut  at  the  Royal 
Society  when  it  was  read. 

VOL.11.  cc  struc- 
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stru^ure  Dr.  Gibbbs  has  erected  must  necessirSf 
^1  to  the  ground. 

It  is,  however,  a  curious  circumstance,  that 
water  should  be  decomposed  by  two  wires  uto- 
ated  remotely  from  each  other.  To  ascertuR 
whether  any  particular  current  could  be  per- 
ceived, I  placed  a  tube  of  water  under  the  de- 
composing process,  in  my  solar  microscope,  and 
applied  to  it  a  lens  of  about  one  eighth  of  in 
inch  focus.  The  distance  of  the  screen  was  m 
feet;  and  consequently  the  magnifying  power 
was  equal  to  more  than  three  hundred  thou- 
sand times*.  Thisexperiment  forms  one  of  the 
most  beautiful  microscopic  sights  I  ever  belieWL 
The  two  gold  wires,  being  thus  liighly  magni- 
fied, the  disengaged  particles  of  air  appear  like 
BO  many  balls  in  rapid  motion.  I  could  not  ob- 
■serve  any  difference  in  the  sides  t^  the  wires, 
which  might  have  induced  a  suspicion  of  tlw 


BY  THE  GALVANIC  PHOCBSSi  3^^ 

f)assage  of  a  current  from  one  of  the  wires  to  the  . 
other. 

In  attempting  an  explanation  I  have  in- 
dulged in  some  conjectures:  I  have  already  no- 
ticed^ that  oxygen  gas,  when  condensed  in  an  in-* 
sulatcd  ball,  gives  out  greater  signs  of  elediricity  ' 
than  are  e^inced  by  the  condensation  of  tht 
bther  gases. 

Oxygen  gas  is  to  be  considered  as  a  compound 
of  pxygen  base,  of  caloric  and  of  eledlricity,  while 
the  base  of  hydrogen  appears  amply  to  require 
caloric  to  bestow  on  it  a  gaseous  form. ; 

Suppose  A  and  B,  Platd  IX.  Fi^.  1,.  to  represent 
two  wires  in  a  tube  of  water,  A  being  the  wire 
connected  with  the  copper  end  of  the  battery,  and 
B  the  one  connected  with  the  zinc  extremity.  Let  P  , 
i-€present  the  particles  of  water  round  the  wire  B ; 
and  N  the  particles  round  the  wire  A.  In  what-^^ 
ever  proportion  the  particles  round  B  are  influ- 
enced by  the  surcharge  of  eledtricity  in  the  wire 
B,  so,  in  the  same  proportion,  the  particles  of 
water  round  the  wire  N  will  be  influenced  by  the 
negative  state  of  ele6lricity.  These  changes  di- 
minish, in  the  duplicate  ratio  of  the  respediive 
distance  of  the  particles  from  tlie  wires.  Sup- 
posing  C  to  be  the  central  point  between  the 
above  two  wires,  at  this  point  a  change  will  take 
place,  because  the  particles  of  water  at  3,  2,  1, 
lave  lost  a  portion  of  their  natural  eledtricity, 

feci  by 
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by  their  contiguity  to  the  negative  wire  A.  The 
portion  3,  wtiich  is  the  nearest,  has  been  the 
first  to  lose  ;  2,  the  next ;  and  so  on.  Tlie  par- 
ticles of  water  round  P  have  a  surcharge,  which 
at  6  is  greater  than  at  5  ;  and  consecutively. 
The  particles  of  water  at  C  are  the  particles 
of  communication,  which  are  first  subjefled  to 
the  mutual  influence  of  the  two  wires.  When 
the  constituent  parts  of  water  are  disunited,  and 
resolved  into  their  oxygen  and  hydrogen  bases,  in 
order  tliat  they  should  assume  a  gaseous  form, 
they  must  be  united  with  other  principles.  Thus 
the  base  of  oxygen,  must  acquire  caloric  and 
electricity ;  and  until  this  has  happened,  it  wiH 
not  assume  an  elastic  form.  At  the  instant  of 
disenr^agcment,  its  cnparity  for  t-lc(5^ricity  bcinj; 
increased,  in  obedience  to  the  general  laws  of 
Nature  it  will  move  in  the  dire(3ion  in  which  it 
meets  with  the  least  resistance,  and  which  will 
be  towards  B.  As  soon  as  it  is  in  contadl  with 
the  wire,  it  will  assume  the  gaseous  state,  in  con- 
sequence of  the  addition  of  the  ele<^ric  principle. 
In  the  same  way  the  hydrogen  base,  having  its 
capacity' for  eleiSricity  diminished,  will  be  simi- 
larly determined  towards  the  wire  A. 

When  pure  ammonia  *  is  placed  in  the  glass 
tube  instead  of  water,  the  decomposition  is  ex- 

*  Dr,  MuYEs'  observations. 

tremely 
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tremely  rapid,  and  the  gases  which  are  evolved 
consist  of  fifteen  parts  of  hydrogen,  thirteen 
of  azotic  gas,  and  nearly  two  of  oxygen. 

When,  instead  of  a  gold  wire,  a  copper  wire  is 
employed,  it  becomes  converted  into  a  green 
oxyd,  which  must  be  the  result  of  the  adiion  of 
an  acid,  the  pure  oxyds  of  copper  being  of  a 
dark  red  or  deep  brown.  This  acid  appears  to 
be  no  other  than  the  nitrous,  formed  by  a  com- 
bination of  the  oxygen  and  azote.  When  me- 
tallic solutions  are  placed  in  the  glass  tube,  the 
decompositions  are  very  beautiful ;  and  the  de- 
oxydated  metal  is  precipitated  on  the  wire  con- 
pedleid  with  the  copper  end  of  the  batte^. 


.J 


Cc3 


CHAP. 


(890) 


CHAP.  XXXIII. 

7%e  comparative  itiflumccs  of  ehSricfty  and  gal- 
vanism, on  me/allic  substances — The  metallk 
oxyds  produced  hy  eleBrichy^ — The  defiagratic^a 
of  wires  and  laminated  metals,  on  their  oxyda- 
tion — Ejfe3s  of  deflagration  on  the  gasesi— 
Brugnatelli  on  eleBrats — ^Van  Mabum  m 
the  e_ffeBs  of  combustion  on  quicksilver . 


I  HAVE  been  given  to  understand,  that  it 
was  with  the  celebrated  ^edlrlcal  apparatus  at 
Haariem,  made  by  Mr.  Cuthbebtsos,  that  the 
beautiful  metallic  oxyds  were  first  struck  upoa 
paper,  each  of  the  metals  having  produced  its 
peculiar  chjifafl eristic  tint.    The  mode  of  per- 
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presses  beautiful  rays.  A  representation  of  these 
rays  is  given  in  Plate  X.,  in  which  six  of  the 
metallic  oxyds  are  tinted.  Fig.  1,  represents 
the  appearance  produced  by  gold  wire;  2,  the 
one  produced  by  silver  wire  ;  3,  by  copper  wire  ; 
4,  by  iron  wire  ;  5,  by  tin  wire  ;  and  6,  by 
leader  wire. 

A  powerful  charge  of  electricity  oxydates  a' 
considerable  length  of  metallic  wire  ;  while  gaU 
vanism  a6ls  on  successive  portions  of  the  metal, 
whenever  it  is  excited  by  a  condudling  medium. 
EIe6lricity  produces  all  its  efFedls  by  one  sudden 
and  violent  discharge ;  while  galvanism  operates 
by^its  continual  current  *.  It  is  on  this  account, 
that  the   sensations  produced  by  their  diverse 


*  The  rapidity  of  this  current  cannot  be  ascertained.' 
Valli  employed  condu6tors  200  feet,  and  Aldini  300  feet,  in 
k^Dgthf  without  beickg  able  to  perceive  any  difference.  When 
bodies  move  with  an  e}{:trenierapidity»  it  is  impossible  to  ascer- 
tain their  velocity,  unless  a  proportionate  extent  of  space  should 
enable  an  observation  to  be  made,  which  Is  not  the  case  with 
ele^city  or  galvanism.  The  motion  of  light  is  determinable  j 
and  notwithstanding  its  velocity  is  immense,  in  passing  through 
iffimense  distances,  the  time  it  occupies  in  its  transit  is  ascer« 
tainable,  from  such  remote  bodies  as  the  satellites  of  Jppiter^ 
and  from  the  aberration  of  the  fixed  stars.  Still,  in  so  small 
a  compass  as  the  human  body,  physiologists  have  been  vainly 
employed,  in  determining  the  supposed  velocity  of  the  nervous 
fluid,  thp  existei^pe  of  which  is  inde^  hypothetical. 

c  c  4  jadions^ 
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aiSlions,  are  materially  /different.  Tlie  eleiStric 
shock,  from  a.  very  small  jar,  operates  on  the 
body  by  a  sndtlen  and  percussive  effedl ;  while 
the  one  which  follows  the  galvanic  process  seems 
to  arise  from  a  constant  current,  attended  by  a 
jarring  and  tremulous  sensation. 

All  finely  drawn  metallic  wires  are  rapidly 
burned  by  means  of  a  large  galvanic  battery,  the 
powers  of  which  are  in  general  ascertainable  by 
the  extent  of  fine  steel  wires,  such  as  the  pendu- 
lum springs  of  watches,  which  the  battery  will 
instantly  render  red-hot.  This  constitutes  the 
jnoEt  corre6k  galvanometer;  while  the  other,  on 
which  I  have  already  touched,  ought  to  be  termed 
a  gah)anas€ope.  A  poiverful  battery,  such  as  the 
one  I  generally  employ,  will  induce  a  red  heat  on 
several  inches  of  the  above  steel  wire ;  and  in 
this  way  I  am  enabled  to  ascertain  whether  my 
battery  is  in  proper  order. 

■  To  deflagrate  finely  laminated  metals,  good 
charcoal  is  tiie  best  medium  which  can  be  em- 
ployed. As  the  substance  of  the  metallic  leaves, 
when  laminated,  is  much  thinner  than  that  of 
any  wires  which  can  be  drawn,  the  deAagrations 
are  more  brilliant,  and  the  light  extremely  vivid. 
Some  metals  exhibit  a  different  appearance  from 
others. 

Gold  leaf,  having  the  thickness  of  the  tstszh 
part  of  an  inch  only,  is  not  merely  deflagrated, 

bat 
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but  IS  likewise  completely  oxydated,  ai^  reduced 
to  a  purple  powder. 

Silver  leaf,  which  is  thicker  than  gold  leaf  ia 
the  proportion  of  7  to  4,  is  likewise  converted 
ipto  an  oxyd,  and  exhibits  a  beautiful  greenish 
light.  We  thus  see  that,  by  the  powers  of  gal- 
vanic ele6lricity  two  metals  which  resist  the  ut*^ 
most  force  of  our  most  powerful  furnaces,  are 
rapidly  oxydated. 

Copper  leaf,  or,  to  speak  more  corre6lly,  brass 
leaf,  being  the  yellow  Dutch  metal  made  from 
copper  plates,  by  cementation  with  calamine 
without  a  subsequent  fusion,  has  a  thickness 
n^rly  five  times  greater  than  that  of  gold  leaf. 
In  it§  deflagration,  red  ignited  particles  of  cop-^ 
per  are  detached,  on  this  account,  that  icopper 
requiring  a  v€ry  high  temperature  before  it  fuses, 
thp  ignition  takes  place  first.  The  copper,  be-' 
fore  it  melts,  is  constantly  red-hot,  which  is  90t 
the  case  with  tin,  lead,  &c.  The  Dutch  silver 
leaf,  a  composition  of  tin  and  zinc,  about  ten 
times  as  thick  as  gold  leaf,  is  defia^ated  with 
rapidity. 

Tin-foil,  which  is  also  a  composition  of  tin 
and  zinc,  is  about  300  times  thicker  than  gold 
leaf.  Narrow  slips  of  this  substance  are  also 
easily  deflagrated.  In  short,  all  metals,  if  in  a 
due  state  of  tenuity,  ar^  capable  of  being  defla- 
igrated. 

When 
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When  metals  are  placed  under  an  exhausted 
receiver,  they  give  out  light,  but  are  not  oxv- 
dated. 

When  metnllic  leaves  are  deflagrated  in  carbonic 
acid  gap,  the  light  is  nat  vivid  ;  but  in  oxygen  gas, 
the  contaift  is  no  sooner  established,  than  the  me- 
tallic leaves  are  destroyed  with  oiie  sudden  flash. 

Brkcnatelli  has  conje6tured,  that  the  aftion 
of  galvanism^  in  the  decomposition  of  water, 
produces  a  compound  which  he  apprehends  to 
result  from  the  union  of  the  disengaged  elec- 
tricity with  the  oxygen,  and  which  he  terms  an 
eleflrat.  This  eletStrat  is  capable  of  dissolving 
metallic  substances.  Thus,  with  copper,  it  forms 
a  beautiful  green  ;  with  zinc,  a  dark  grey  ;  and 
with  iron,  a  reddish  yellow  oxyd.  These  efFefts, 
as  I  have  already  observed,  appear  to  arise  from 
the  combination  of  nitrous  acid  and  ammonia. 
They  are  probably  produced  in  every  galvanic 
decomposition  of  water*. 

Vah 

*  The  aimo^plieric  air,  which  is  held  in  Mkiiion  bj  ihe 
water,  consisting  of  nitrogen  and  oxj-gen,  when  the  water  is 
decompoKed,  the  oxygeo,  united  wiih  a  pavt  of  the  nilrogCD, 
forms  nitrous  acid  ;  and  the  hydrogen,  in  combinalinn  »ilh  a 
portion  of  the  nitrogen,  produces  ammonia.  By  experiments 
in  wliich  I  am  al  present  engaged,  I  am  persuaded  that  gat- 
vanifm,  on  account  of  Us  surprizing  sobtilily,  and  its  permeabfc 
quality,  -will  prove  one  of  our  most  powerful  chemical  agents, 
lespea. 
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VA^r  Marum,  in  making  the  circuit  through 
/quicksilver,  noticed  a  beautiful  efFedt  The  end 
•of  a  fine  wire  having  been  made  to  form  the 
communication,  a  powerful  combustion  ensued, 
jvhioh  dispersed  tjic  mercury  on  all  sides,  and 
^sparkles,  having  the  appearance  of  thousands  of 
jays,  constituting  fine  suns  of  several  inches  in 
^iameter^  were  produced. 


I  expe6t,  by  its  means,  to  be  soon  enabled  to  ascertain,  whe- 
ther nitrogen  unites  more  readily  with  oxygen,  or  witl^  hydro- 
g^.  From  the  different  facililles  of  combinations  much  majr 
l>e  deduced. 


CHAP. 
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CHAP,  xxxn^ 

-On  ike  galvanic  process  performed  hy  particular 
animals — The  sentiments  of  the  ancient  naht- 
Talists  on  the  torpedo — The  discovery  of  the 
gymnotm — 'Walsh's  experiments  on  ike  torpedo 
—  Hunter's  disseBions  —  Mr.  Nicholson's 
torpedinal  theory — The  Voltaic  principle  ap- 
plied to  its  explanation — JVlaj  torpedoes  do  not 
give  out  any  light — Muschenbroek's  olser- 
vatiens  on  t/ie  gymnotus. 

THE  surprizing  property  of  an  animal  hy 
which  it  appears  to  generate,  and  to  determine 
-through  condutB-ing  media,  at  its  will,  a  principle 
which  occasions  in  the  human  body  a  benumb- 
ing sensation,  was  known  to  the  earliest  natu- 
ralists. HippocEATEs,  Plato,  Theophbastus, 
Pliny  and  ^lian,  noticed  this  quality  in  a  fish 
of  the  ray  kind,  which  was  on  that  account  deno- 
minated torpedo.  With  the  fall  of  the  Roman 
empire,  all  sound  learning  was  lost ;  but  in  the 
eisteenth  century  science  again  flourished.  Then 
it  was  that  Belon,  Rondelet,  Salviana  and 
Gbsner  were  eminently  distinguished  for  their 
learning.  The  sentiments,  however,  of  these 
natu- 
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naturalists,  and  the  subsequent  observations  of 
Redi,  Borelli*5  Steno,  and  Reaumur  were, 
as  well  as  the  inferences  they  drew,  erroneous, 
when  they  treated  of  the  property  of  this  animal. 

A  few  years  after  the  discovery  of  the  Leydeti 
phial,  a  congre  eel,  or  gymnoius  eleSIricus,  'pos- 
sessing similar  properties  with  the  torpedo,  wa^ 
discovered  at  Surinam,  and  said  by  Mr.  S'Ctrave- 
sande  to  produce  the  same  efFeds  as  eledlricity. 
This  discovery  excited  the  philosophical'  ardour 
of  Mr.  Walsh,  ^ho  instituted  a  series  of  expe-r 
riments  relatively  to  this  species  of  animal  eleci- 
tricity.  The  efFe6ls  of  the  torpedo  having  been 
ascribed  to  the  same  principle,  gymnoti  and  tor- 
pedoes were  brought  to  England  alive,  at  the 
private  expence  of  this  distinguished  ele6lrician ;' 
and  the  experiments  which  were  made  left  no- 
doubt  as  to  their  ele6lrical  properties. 

This  important  discovery  having  been  intro* 


*  The  ancient  naturalists  attrlbated  the  shock  of  the  toq)edo 
to  certain  frigorific  particles  5  and,  from  this  reasoning,  appKed 
thti  fish^  as  a  topical  remedf ,  to  inflamed  surfaces.  Bor£l<- 
X<U8*i  idea  is,  that  the  shock  is  a  convulsive  sensation  similar  to 
the  one  which  arises  from  a  blow  on  the  elbow.  **  Est  tor** 
pedo  piscis  latus,  similis  Rajas,  molli  tamen  cute  te6tus :  ha^^ 
digitis  compressa^  tremore  adeo  vefaementi  concutitur,  *  ut 
maoua^  contredantis  mdesto  torpore  dolorifioo  afficiat^  fer^ 
iimili  spasmo  illo,  qui  producitur  a  cubiti  concussione  super 
meosam/'— Bo&ELL.  De  Motu  Animalium. 

duced. 
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duced,  as  a  new  principle,  into  natural  philoso-  . 
phy,  the  extent  of  its  application  was  rcjranled  as 
infinite.  It  gave  birth  to  scveratvery  bold  con- 
je£lures,  and  there  were  few  physiologists  who 
were  not  persuaded  that  it  promised  a  speedy 
developcmfent  of  nervous  influence^  and  muscular 
contraflion. 

Several  of  the  above  aiiimals  were  disse<51ed  bv 
the  celebrated  J.  Humter,  whose  observations 
are  published  in  the  sixty-third  volume  of  the 
Philosophical  Transadtions.  The  elei^lric  organ 
of  the  torpedo,  as  represented  in  /'toeXil.  con-f 
aists  of  3  number  of  columns,  varying  in  their 
length  from  an  inch  and  a  half  to  a  quarter  of 
an  inch,  their  diameters  being  abovit  two-tenthi 
of  an  inch.  The  columns  in  each  of  the  or- 
gans of  the  torpedo,  vary  in  their  number  from; 
400  to  I'iOO,  according  to  the  size  of  the  animaL 
These  columns  are  composed  of  films,  or  mem- 
branous partitions,  distant  from  each  other  about 
TTB  of  an  inch.  From  hence  will  readily  be  con- 
ceived the  extent  of  surface  which  is  exposed. 

Mc  Nicholson  has,  in  his  valuable  Journal; 
endeavoured  to  explain  the  aifilon  of  the  tor- 
pedinal  system  upon  liie  principle  of  the  eledlro- 
pbore.  He  conjeiftures  the  membranes  to  be 
non-condu(3ors,  and  the  fluid  a  eondudor.  At 
the  time  the  above  observations  were  made,  they* 
Constituted  the  most  ingenious  and'  probable  ex- 
planation 
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plaaation  which  had  been  given.  But  since  the 
Voltaic  discovery  of  self- charging  metallic  platesi 
however  surrounded  by  conducting  fluids,  the 
explanation  of  the  animal  electrical  organs,  upon 
the  galvanic  principle,  may  be  readily  given. 
VoLTA  observes,  that  the  interposed  membranes 
answer  no  other  purpose  than  the  discs  of  moist- 
ened cloth  between  his  metallic  plates.  I  have 
already  attempted  to  prove  how  eleCtric  charges 
may  be  produced  in  organic  substances.  Oa 
any  action  of  the  animal,  the  sides  of  the  cells 
having  been  brought  nearer  to  each  other,  a 
change  as  to  their  state  of  eleCtricity  results  from 
their  separation.  It  has  already  been  remarked, 
that  the  changes  induced  on  animal  substances 
are  small,  when  compared  with  those  which  are 
effected  on  metallic  surfaces.  As  the  sensation 
is  in  proportion  to  the  series,  and  as,  in  each  of 
the  above  eleCtric  animals,  there  are  nearly  150 
thousand  cells,  it  must  ensue,  that  the  extreme 
smallness  of  the  intensity  of  the  fluid,  will  be 
compensated  by  the  surprizing  number  of  the 
cells. 

However  extraordinary  this  number  may  be, 
and  although  a  surface  of  4000  square  inches  is 
exposed,  still  the  intensity  is  not  able  to  remove 
the  smallest  interval  of  air,  and  does  not  there- 
fore exhibit  any  light.  On  this  account  Mr. 
Henley  denied  that  the  phenomenon  is  elec*- 

tricaK 
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trical.  Three  hundred  Bqiiare  inches  of  metallic! 
surface  will  give  a  luininoiia  spark  ;  but  this  only 
takes  place  when  the  best  conducting  media  are 
employed.  Through  water,  or  through  animal 
substances,  no  luminous  appearance  can  be  pro- 
duced  by  such  an  intensity ;  and  the  difFerenoe 
of  the  conduifting  powers  in  cither  case,  has 
been  already  calculated  by  the  learned  CAt-EN- 
BiSH.  In  the  larger  eledlric  animals,  tlie  gjjm- 
ttof/,  luminous  sparks  have  been  produced.  Tliese 
animals  seem  to  possess  this  property  for  the 
purpose  of  coming  at  their  prey.  As  they  are 
slow  in  motion,  they  can,  by  the  means  of  soch  a 
principle,  arrest  the  progress  of  other  fishes  at  a 
certain  distance.  Muschenbbobk  says  that, 
Iiaving  placed  several  fishes  in  the  same  vessel  of 
■water  with  a  large  gymnotus,  they  were  all  killed. 
He  adds,  that  by  the  introduftion  of  a  lobster 
into  the  above  vessel,  the  electrical  animal  was 
itself  destroyed. 
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The  funSlion  of  respiration  considered  as  a  gaL 
vanic  operation — The  lungs  are,  in  struMure^ 
similar  to  the  torpedinal  system — Ohservations 
on  Dr.  Crawford's  theory  of  respiration — His 
experiments  on  the  capacities  of  bodies  for  keaty 
not  correSi — New  experiments  on  steam — Obser- 
vations on  heat — Dr.  Crawford*s  estimates  qf 
the  capacities  for  lieat  of  arterial  and  venous 
blood — On  the  theory  of  the  l^rench  PHitosophers 
as  to  respiration — -Calculations  on  the  quantity 
of  oxygen  and  nitrogen  inspired-^^Cases  in  which 
thxre   is   no  circulation  through  the   lungs  in 
torpid  animals — Remarks  on  these  particular 
lungs — Dr.  Wells'  remarks  on  the  change  of 
colour  in  the  blood — How  far  eleSlricity  is  con- 
cerned— This  principle  changes   the   colour  of 
the   blood — Remarks   on  the  circulation* — It  is 
not  geyieral,  as  supposed — The  colouring  part  of 
arterial  blood  never  returns  by  the  veins. 

THE  various  opinions  of  physiologists^  re- 
latively to  the  fundlions  of  the  lungs,  appear  to 
have  been  finally  concentrated  in  the,do<9rines  of 
Dr.  Crawford  and  of  the  French  philosophers ; 
VOL.  ji.  D  d  and 
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and  these  dodlrines  so  nearly  coincide  with  each 
other  in  their  ultimate  results,  that  it  is  now  al- 
most admitted  as  an  axiom,  that  respiration  i> 
the  source  of  animal  heat. 

I  should  not  have  presumed  to  controvert  opi- 
nions, apparently  so  well  established,  if  my  argu- 
ments had  rested  on  conje6tures  only  ;  but  as  I 
am  persuaded  that  my  opposition  to  the  above 
do£trine  is  supported  by  experimental  fafls,  I 
feel  myself  divested  of  that  diiEdence  I  should 
Otherwise  have  felt. 

The  introduflion  of  remarks  on  respiration  iii 
a  work  on  galvanism,  may  by  some  be  deemed 
irrelevant;  but  every  idea  of  incongruity  will  I 
tfuat  be  done  away,  when  I  set  out  by  declaring 
(ny  opinion,  that  respiration  is  an  important 
galvanic  operation,  and  that  in  their  cellular 
struiflure,  the  lungs  correspond  to  the  torpedinal 
arrangement. 

From  the  observations  I  am  about  to  make^ 
I  have  reason  to  presume  that  the  agency  of  this 
principle  will  be  evidenced  in  many  important 
funftions  of  the  animal  economy  ;  and  that 
many  valuable  dedudlions  will  foltow,  provided  it 
should  be  made  to  appear,  that  this  is  the  stimu- 
lating principle  which  Nature  employs^  to'  rouse 
into  adlioh  the  organized  and  animated  parts. 

Before  any  such  doctrine  can  be  admitted,  it 
is  previously  requisite  to  examine  those  ahreacty 

kid 
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laid.  down.  If  they  should  be  found  to  be  more 
^mple,  and  more  applicable  to  the  explanatiosi 
of  the  phenomena  of  respiration^  than  the  qua 
which  I  presume  to  advance,  a  demonstrative 
proof  will  be  given  of  the  erroneousness  of  my 
theory.  But  if,  on  the  contrary,  the  generally 
received  opinions  should,  on  examination,  be 
found  insufficient,  this  consideration  will,  I  hope; 
plead  in  excuse  for  niy  venturing  to  introduce  a 
system  of  my  own! 

In  the  following  inquiries^  some  dedudlionsi 
which  I  shall  make,  will  perhaps,  at  first  sight, 
be  considered  as  bold  and  cbrijedlural.  I  offer 
them  however  to  the  public,  not  as  a  rudis  indi- 
gestaqzie  moles^  but  as  the  result  df  long  and  ma- 
ture refledion.  They  have  been  read  before 
several  of  the  London  medical  societies,  where 
they  found  so  little  opposition^  that  I  consider 
them  to  be  istamped  by  the  approbation  of  the 
learned  niembers. 

My  review  of  the  d66lrine  of  Dr.  Crawfori^ 
knd  of  the  French  philosophers  will  not  be  mi- 
biite,  it  being  merely  intended  to  shew  that  they 
kre  not  adequate  tb  the  expknatioii  of  the  phe- 
nomena of  respiration. 

Dr.  Crawford's  theory  is  deduced  from  the! 
(lifTerent  capacities  bf  bodies  for  heat.  By  ani 
Extension  of  t-.the  experiments  of  Fahrenheit; 
Black  and  Irvine^  he  was  stitibk  with  the  £^p-^ 

D  d  t)  parent 
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parent  difterencc  between  the  capacities  for  heat 
in  arterial  blood  and  in  venous  blood.  Con- 
ceiving this  change  of  capacity  to  have  taken 
,  place  in  the  lungs,  he  conjectured  respiration  to 
be  the  source  of  anima!  heat.  To  demonstrate 
this,  he  instituted  a  variety  of  elaborate  experi- 
ments, which  appeared  to  hitn  to  confirm  the 
supposition  he  had  made. 

By  capacity,  Dr.  Crawford  wished  to  be  un- 
derstood, the  power  in  a  body  to  collect  and  retain 
heat.  He  accordingly  proceeded  to  investigate 
the  capacities  of  the  principles  which  are  con- 
cerned in  the  office  of  respiration,  viz.  oxygen 
gas,  azotic  gas,  carbonic  acid  gas,  vapour,  arte- 
rial blood,  and  venous  Mood.  In  this  order  I 
shall  CLirsorilv  examine  his  do(51riue. 

Dr.  Crawford's  mode  of  ascertaining  the 
capacity  of  any  fluid,  was  by  exposing  a  known 
quantity  of  it  to  a  certain  temperature,  and  then 
immersing  it  in  a  vessel  of  water,  or  oil,  and 
observing  how  much  heat  it  transmitted.  Thus, 
having  taken  two  tin  vessels  of  an  equal  size  and 
weight,  each  containing  37 -Ql  cubic  inches,  one 
of  them  filled  with  atmospherical  air,  and  the  other 
with  pure  air,  while  the  temperature  of  the  room 
was  at  58°.  1  ;  these  vessels,  after  having  been 
heated  in  boiling  water  for  ten  minutes,  were 
each  of  them  plunged  in  vessels  of  the  same  size, 
each  containing  twenty  ounces  of  water.  This 
being 
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being  added  to  the  capacity  of  the  vessel,  was 
equal  to  21.23  ounces  of  water.  The  vessel  of 
atmospheric  air  heated  the  water  to  59.5  ;  while 
that  of  pure  air  heated  it  to  59.7.  The  air  termed 
pure  air  consisted  of  two-thirds  oxygen  and 
one-third  azote.  The  atmospheric  air,  of  one- 
fourth  oxygen,  and  three-fourths  azote.  As  the 
difference  of  heat  communicated  was  two-tenths 
of  a  degree,  the  Do6lor  algebraically  deduced, 
that  pure  dephlogisticated  air  would  yield  .595, 
^d  the  air  of  azotic  gas  .108.  The  water  in 
the  vessels  was  at  57.8  degrees. 

Tq  this  dedudtion  there  appear  to  be  several 
material  objedlions.  If  it  is  to  be  admitted  as  a 
theorem,  inferred  from  correal  suppositions,  we 
ought  to  find  an  exa6l  proportion,  an  harmo- 
nious disposition,  to  take  place  uniformly  in  the 
subordinate  members.  This  ought  to  be  clearly 
demonstrated  before  it  is  admitted  as  an  axiom^ 
on  which  a  superstru6lure  is  ereded.  In  the 
first  place,  Dr.  Crawford  examined,  by  Dr. 
Priestley's  method,  the  purity  of  the  air  em- 
ployed. It  is  well  known  how  materially  expcr 
rimenters  have  differed  in  their  accounts  of  the 
quantity  of  nitrous  gas  necessary  to  the  satura- 
tion of  a  given  quantity  of  oxygen  gas.  Priest- 
i-EY  observes,  that  one  part  of  oxygen  is  con- 
densed by  two  parts  of  nitrous  gas ;  and  La- 
ToisiER  by  1^.    Ingenhouz^  Scherer  a^d  Pjb 

pd3  LA 
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LA  Metherie  state  the  quantity  to  be  from 
three  to  five  of  nitrous  gas  ;  and  Humboldt,  in 
the  Annales  de  Cliiniie,  asserts  that  the  mean 
quantity  is  2.55.  Even  in  this  particular,  the 
least  error  in  the  estimate  makes  an  enonnoua 
difference  in  the  calculation. 

It  is  rather  singular,  that  the  difference  of  tem- 
perature between  the  air  in  the  room  and  the 
water,  should  have  been  so  trifling ;  the  air  hav- 
ing been  at  58.1  and  the  water  at  57.8,  or,  in 
other  words,  there  not  having  been  more  than 
three-tenths  of  a  degree  of  difference.  I  have 
always  found  the  temperature  of  the  middle  part 
of  a  vessel  of  water  to  be  between  the  25th  of 
3bth  part  colder  than  the  surrounding  air,  SQ 
long  as  tlie  water  is  in  a  fluid  state.  According 
to  Dr.  Crawfokd's  statement,  the  vessel  em- 
ployed, ought,  without  its  included  air,  to  have 
raised  the  water  )°3d  more  than  the  heat 
communicated  by  the  vessel  containing  the  pure 
air. 

It  has  been  observed,  that  the  homogeneous 
fluids  absorb  and  transmit  heat  in  the  ratio  of 
their  densities.  The  quantity  of  atmospheric  air 
employed  in  the  above  experiment  weighed 
11-78  grains  J  there  was  the  same  bulk  of  pure 
air,  two-thirds  of  which,  being  oxygen  gas, 
>veighed  12.606  grains.  There  was  conse- 
guently  a  surplus  of  one-thirteenth  of  the  latter 

air, 
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air^  which  mu^t  necessarily  have  transmitted 
more  heat. 

Dr.  Crawford  has  also  omitted  to  st^te  the 
different  degrees  of  expansion  of  the  same  air,  as 
well  as  of  the  different  gases  at  different  temper 
ratures. 

The  results  of  the  different  temperatures 
nearly  correspond  with  the  different  weights  of 
air  employed. 

In  ascertaining  its  capacity  with  respedl  tQ 
water.  Dr.  Crawford  seems  to  have  been  very 
incorre<5):.  He  first  of  all  assumes  Dr.  Priestv 
i.fiY*s  estimate  of  the  specific  gravities  of  pure  air 
and  atmospheric  air,  namely,  as  187:185;  and 
afterwards  takes  Fontana's  estimate  of  common 
air  and  azote  as  385 :377*  This  is  a  proportion 
which  cannot  be  corredl*. 

In  his  fourteenth  experiment.  Dr.  Crawford 
acknowledges  that,  when  atmospheric  air  was  in 


"K'     ^ 


*  Atmospheric  air  consists  of  -^J-^  of  oxygen,  and  -^  tf 
nitrogen  or  azote.  As  the  specific  gravity  of  aeote  is  less  than 
diat  of  oxygen,  pure  oxygen  is  to  a  mixture  of  i^  of  nitrog^ 
and  -fV^  ^  oxygen,  as  187 :  185.  T^^  difference  betwctn 
cocnition  air  and  nitrogen  ought  to  beproportionabJy  less,  as  there 
18  less  diflft  rence  in  the  proportionate  quantities  of  nitrogen : 
here  the  difference  is  n)ade  to  be  twice  as  much.  Iq  fa€t,  the 
whole  of  the  estimate  is  hicorred;  the  specific  gravity  of 
oxygen  to  comnoon  atmospheric  air  being  135 :  129  i  aad  that 
^lUmpqpberic  air  |d  nitrogeD,  at  129  to  l\9* 

p44  each 
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each  of  the  cylinders,  the  difference  of  the  pro- 
portions of  heat  communicated  was  never  greater 
than  the  one-twentieth  of  a  degree. 

In  his  calculation  of  the  comparative  heat  of 
fixed  air,  or  carbonic  acid  gas,  he  mentions  very 
generally,  that  common  air  transmitted  .034  more 
heat  than  fixed  air.  This  is  so  loosely  expressed, 
without  any  particulars  of  the  experiment  being 
given,  as  to  preclude  the  possibility  of  any  far- 
ther remark. 

To  his  estimate  of  the  comparative  heat  of 
inflammable  air  and  vapour,  there  are  many  ob- 
jeflions.  The  heat  from  inflammable  air  he 
ibund  to  be  a  little  greater  than  from  common 
air,  with  which  it  was  accidentally  mixed.  Its 
specific  gravity,  compared  to  that  of  common 
air,  will  be,  however,  about  10 ;  1  instead  of 
13:1.  As  this  specific  gravity  is  to  water  as 
1  to  9960,  he  hence  deduces  that,  in  proportion, 
the  quantities  of  matter  in  the  inflammable  air, 
ftnd  in  the  water,  will  be  as  10567  : 1  ;  and 
bence,  compounding  this  ratio  with  the  degree 
of  heat  communicated,  that  the  comparative  heat 
to  water  will  be  as  21.4  ;  1  *. 

This 


*  Inflaininabic  air  produced  from  diluted  sulphuric  acid  and 
iron  filings,  has  a  specific  graviiy  which  is  not  more  Iban  6i 
times  lighter  thai)  atmospheric  air,  aod  always  contains  sulphu- 
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This  air  he  supposes  to  communicate  a  little 
more  heat  than  common  air,  to  which  he  asserts 
that  it  would  have  been  equal  in  point  of  heat, 
if  it  had  been  purely  inflammable.  This  doc- 
trine is  strangely  erroneous.  If  a  certain  quan- 
tity of  inflammable  air^  when  mixed  with  atmo- 
spheric air,  has  a  greater  capacity  for  heat  than 
common  air,  surely  if  the  whole  masS  were  to  be 
composed  of  inflammable  air,  the  quantity  of 
heat  communicated  would  be  greater  still. 

Dr.  Crawford  endeavours  to  prove,  by  the 
experiments  of  Gadolin  and  Magellan,  that 
the  capacity  of  water  for  heat,  is  to  that  of  snow 
as  10 :  9.  As  the  quantity  of  heat  absorbed,  ia 
the  conversion  of  snow  into  water,  is  known^ 
he  hence  calculates  the  point  of  entire  privation 
of  heat  in  water  to  be  about  1400  degrees  belovr 
the  freezing  point.  Consequently,  in  inflam- 
mable air  there  ought  to  be  disengaged  28,000 
degrees  of  heat,  when  it  unites  with  oxygen  to 
form  water :  2.  e.  ten  grains  of  inflammable  air^ 
when  converted  into  a  state  of  water,  ought  to 
evolve  as  much  heat  as  would  raise  ten  grains  of 
water  28^000  degrees. 

ric  acid  gas.  The  inflammable  air  was  preserved  in  a  bladder. 
Now,  it  is  well  known,  that  such  a  duid  cannot  be  retained  any 
length  of  time ;  insomuch,  that  a  bladder  replete  with  hydro* 
gen  gas,  will,  in  a  short  time,  be  found  to  be  filled  with  atmo« 
spherical  air,  the  hydrogen  gas  escaping,  and  the  common  air 
passing  in. 
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To  asoertain  this  I  made  the  following  experi. 
ment : — Into  a  glass  boit-head  I  pouretl  a  mix- 
ture of  muriadc  acid  and  water  *  whidi  had 
been  some  days  prepared.  The  bolt-head  was 
placed  in  a  gi:iss  vessel  filled  with  water :  the 
quantity  of  water,  the  capacities  of  the  vessels 
emjiloyed  being  added,  was  about  equal  to  twenty 
ounces.  I  poured  into  the  bolt-head  a  few  Bted 
filings ;  and  having  fitted,  iminediatcly  after,  i 
flexible  tube  to  the  pipe  of  the  bolt-head,  the 
hydrogen  gas  which  was  given  out  was  made  to 
pass  into  a  glass  receiver.  When  I  had  colle<£ted 
nearly  sixty  cubic  inches,  I  found  that  the  ther- 
mometer sunk  down  one  degree  and  a  half.  This 
appears  to  me  to  be  the  exadt  difference  of  the 
degrees  of  heat  existing  in  hvdrogen  when  it 
forms  a  component  of  water,  or  is  in  the  state 
of  gas.  Sixty  cubic  inches  of  hydrogen  gas  weigh 
1.-43784  grains,  nearly  one  grain  and  a  half;  and 
this  proportion  raised  twenty  ounces  of  water  one 
degree  and  a  half,  or  an  equal  weight  of  water 
10,000  degrees-)-. 


*  Miirbtic  acid  and  water,  being  niixcJ  wilh  raetallic  sub- 
stances, the  hj'dmjjrn  gas  which  is  evolved  is  much  purer  than 
that  wbich  arises  from  ihe  sulphuric  acid,  8;c. 

t  For  20  ounces  of  water  being  equal  to  g60Q  grains; 

0600  X  li 

2^.  ~=  10,000  nearly. 
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This  does  not  correspond  with  the  4oArine 
(either  of  Crawford  or  of  Lavoisier  :  upon 
what  data  the  latter  has  ascertained  the  quan- 
tity of  caloric  in  hydrogen  gas^  is  not  men- 
tioned. 

Having  premised  thus  far.  Dr.  Crawford  pro^ 
jOeeds  to  examine  the  capacity  of  vapour.  He 
first  attempts  to  ascertain  the  degree  of  heat 
given  out  by  the  combustion  of  hydrogen  and 
oxygen  gas,  by  means  of  the  electrical  pistoL 
This  is  incorrect,  because  an  eledlrical  pistol  be- 
ing formed  of  brass,  gives  out  more  heat  by  an 
explosion  than  a  glass  one  would  afford.  I  have 
foand  that  my  brass  pistol,  which  only  holds  nine 
ounces,  will  heat  a  quantity  of  water,  when  ex* 
ploded,  greater  than  the  proportion  heated  by 
my  glass  globe,  which  holds  more  than  four  times 
as  much.  He  afterwards  fixes  the  lowest  deffrees 
pf  heat,  from  these  premises,  at  1550,  and  takes 
Mr.  Watts's  statement  of  960"*  as  the  quantity 
pf  heat  absorbed  by  water  when  converted  into 
vapour. 

As  it  was  requisite  that  this  point  should  be 
ascertained,  and  as  Dr.  Crawford  had  taken  his 
(estimate  from  De  Luc's  general  statement^  in 
which  Mr.  Watts's  mpde  of  operating  is  not 
A^entioned,  the  method  cursorily  suggested  by 
3lack,  appeared  to  me  to  be  the  best,  vis.  that 
f(  aiscertaining  the  quantity  of  heat  imparted 

t9 
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to  a  known  quantity  of  water,  by  the  method  of 
distillation. 

Into  my  refrigeratory  were  thrown  1 540  ounces 
of  water  ;  into  the  still  280  ounces  ;  and  into  a 
corresponding  tub,  placed  at  an  equal  distance 
from  the  furnace,  nearly  resembling  the  refri- 
geratory in  sliap'e,  Ilpo  ounces  of  water.  Three 
thermometers  were  cmplo)'ed  ;  cue  in  the  re- 
frigeratory, another  in  the  corresponding  tub, 
and  the  third  was  hung  up  in  the  room,  the 
temperature  of  which  was  not  quite  64'",  at  the 
same  time  that  the  temperature  of  the  water  was 
somewhat  more  than  Gl".  The  temperature  near 
the  refrigeratory  was  observed  on  the  distiltatioD 
of  every  three  ounces  and  a  half  of  water.  The 
condensation  of  this  quantity  of  vapour  raised 
the  refrigeratory  four  degrees..  At  01  degrees 
the  evaporation  took  place ;  but  did  not  sensibly 
cool  the  refrigeratory  until  the  temperature  was 
raised  to  1 J 1°.  It  then  operated  so  sensibly,  that 
the  condensation  of  the  same  quantity  of  steam 
raised  the  refrigeratory  three  degrees  and  a  half. 
The  evaporations  increased  in  the  subsequent 
condensations,  and  proportionately  diminished  the 
augmentations  of  temperature,  until  at  length, 
the  refrigeratory  being  at  l67|,  the  evaporation 
was  more  than  sufficient  to  balance  the  conden- 
sation. At  half  past  twelve  the  connexion  of 
the  worm  with  the  still  was  destroyed,  and  the 
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gradation  of  cooling  observed  till  seven  in  the 
evening.  It  was  remarkable,  that  when  it  had 
cooled  to  101,  no  sensible  evaporation  could  be 
noticed. 

By  the  distillation  of  112  ounces  the  refri- 
geratory was  increased  in  temperature  107f  de- 
grees ;  and,  if  there  had  been  no  evaporation,  it 
would  have  been  at  128  degrees.  The  heat  from 
the  furniEice  heated  a  corresponding  tub  of  water 
•even  degrees,  and  would  consequently  have 
heated  the  refrigeratory  5  "*  .4 .  The  capacity  of  the 
refrigeratory  for  heat  was  1 20  ounces,  making  in 
the  whole  1 66o  ounces  of  water.  It  raised  1 22.6  de-j 
grees,  by  the  condensation  of  1 12  ounces  of  water ; 
and  hence,  by  the  simple  rule  of  proportion,  it  will 
appear  that  one  ounce  of  vapour  contains  as  much 
heat  as  would  raise  one  ounce  of  water  1817**. 

The  material  difference  between  this  statement 
and  that  of  Mr.  Watts,  induces  me  to  believe 
that  he  formed  his  vapour  under  a  very  diminished 
pressing  state  of  the  atmosphere ;  and  in  a  par- 
tial degree  of  exhaustion.  Mine  was  formed 
under  an  aerial  pressure,  corresponding  to  a  mer- 
curial column  of  2Q.86  inches ;  rather  more  tha^ 
the  medium  atmospherical  state. 
*     Mr.  Watts  *  has  observed  that  steam  is  to 

air, 

*  M.  De  Saussure  a  conda,  que  les  pesanteurs  specifiquqi 
iei  vapours  et  de  Talr  sont  comme  10  a  14^  au  lieu  qu« 

M.  Watt 
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air,  in  specific  gravity,  as  4  to  g.     Now,  air  be** 
ing  lo  water  as  1  :  830,  steam  should  be  to  watetf  j 
as  1 :  ]8()7.    It  is  fw  this  reason  that  steam  rises  i 
so  rapidly  in  the  air,  every  degree  of  heat  nearly 
corresponding  with  its  increase  of  velocity. 

Matter  does  not    seem    to    be   regitlariy  itw 
fliienced  in  its  expansion  by  equal  portions  o£  j 
heat.     Whether  there  be  any  genenil  rule  by  I 
which  an  estimate  may  be  made,  can  only  be  de-i  j 
termincd  by  a  great  variety  of  exjieriments. 

When  matter,  from  being  in  a  fluid  state,  be-  J 
comes  solid,  or  is  converted  into  vapour,  at  th<4 
instant  of  its  conversion  into  either  state,  caloric 
appears  to  be    more  freely  disengaged.     Thus 
Wallerius  has  observed,  that  the  evaporation    M 
of  ice  is  greatest  at  the  moment  of  congelation:    ^ 
It  has  been  very  commonly  obser\'ed,  that  the! 
inferior  part  of  a  vessel  of  water  is  comparatively 
cool,  at  the  instant  even  of  boiling.     This  fadt 
seems  to  confirm  the  doctrine  of  the  ingenioin 
Count  RumforD,    relatively  to  the  conduiSing 
powers  of  heat,   in  different  fluids,    not  being 
proportionate  to  their  densities.   Thus  air,  wbich! 
is  a  worse  conduflor  of  heat  than  water,  when 
rendered  moist,  is  a  more  powerful  conda(Eior  r 


M.  Watt  les  a  Irouvees  comme  4  Sg  (cM't  aprcs  lui  que  j'al 
fixe  cette  pesantcur  sfcciftque  des  vapeurs)  ^.  DsLuc,  j  6. 
p.  145. 

when 
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when  water  is  kept  in  a  quiescent  state,  la  a 
covered  vessel,  it  may  be  cooled  to  20*,  without 
being  frozen. 

When  matter,  to 'undergo  any  changes,  re- 
quires a  great  alteration  of  temperature,  the  ex- 
pansions are  more  equal  in  smaller  degrees  of 
heat ;  thus  mercury,  which  will  bear  three  time& 
a  greater  proportion  of  heat  than  water,  before 
it  either  boils  or  volatilizes,  will  be  more  equably 
expanded.  Thus,  when  the  thermometer  was 
employed,  its  correctness  was  evinced  by  the 
equal  expansion  of  the  mercury,  in  condensations 
iof  equal  quantities  of  steam. 

From  the  experiments  of  General  Roy,  it  would 
appear  that  even  in  mercury  there  is  a  material  va- 
riation in  great  differences  of  temperature.  When 
the  mercury  was  at  212%  the  addition  of  one  de- 
gree of  heat  did  not  expand  it  so  much  as  when  (^ 
temperature  was  at  112**.  He  found  that  the 
successive  degrees  of  heat  were  not  measured  by 
equal  increments  of  bulk  in  the  mercury  con- 
tained in  the  thermometer. 

Common  air  he  found  to  expand  most>  by  onei 
degree  of  heat,  when  at  the  temperature  of  62''^ 
Its  expansibility  was  diminished  in  proportion  as 
its  density  was  decreased. 

In  water  there  appears  to  be  no  intermediate 
^int  between  212°  and  1817  ;  insomuch,  that  it 
seems  instantaneously  to  acquire  l605  degrees  of 

heat. 
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heat.  Notwithstanding  this,  in  heating  water  in 
a  vessel,  and  marking  the  time  when  it  readies 
the  boiling  point,  it  might  liave  been  expelled 
that,  in  equal  portions  of  time,  and  in  an  ex- 
posure to  an  equal  intensity,  equal  degrees  of 
heat  would  have  been  imparted  to  the  fluid.  This 
is  not,  however,  proved  by  experiment;  sedng 
that  a  pint  of  water,  which,  when  subjected  to 
the  ailion  of  fire,  ought,  by  calculation,  to  have 
evaporated  in  thirty-eight  minutes,  requires  more 
than  double  that  time  to  evaporate. 

The  capacities  of  arterial  and  venous  blood,  into 
which  an  inquiry  is  made  in  the  experiments  of 
Dr.  Crawford,  appear  to  rae  to  depend  on  a 
different  cause  from  the  one  he  has  suggested. 
The  enthusiasm  with  which  his  doi^trine  Inspired 
hinij  made  him  ardently  apply  the  probable  re- 
Bult  of  every  experiment  to  its  demonstration. 
In  this  he  somewhat  resembled  that  great  genius 
John  Huntek,  who,  from  his  physiological  ob- 
servations on  the  pigmentum  of  the  eye,  drew 
the  conclusion  that  Adam  and  Eve  were  not  as 
Milton  has  described  them, but  were  born  black. 

With  half  a  pound  of  water,  at  53|  degrees, 
the  Do£lor  mixed  Qoz.  4drs.  14grs.  of  venous 
blood,  at  98*  *.  At  the  end  of  four  minutes, 
the  mixture  was  at  76  degrees. 

Half 

»  If  we  suppose,  instead  of  venous  blood,  the  same  qnan- 
lity 


■ 

Half  a  pound  of  water  at  53**  was  mixed  with 
half  a  pound  and  400  grains  df  arterial  blood  at 
102*.  At  the  end  of  four  minuted  the  mix  turd 
wa«  at  77 1^ 

If  water  of  the  same  tfetTipefaturd  had  been 
simply  Combined  with  the  wat^r,  the  mixture! 
would  theti  have  had  a  mean  temperature.  If,  iti^ 
itead  of  venous  blood,  the  same  weight  of  watef 
had  been  mixed,  the  temperature,  allowing  foi? 
the  capacities  of  the  vessels  employed,  would 
have  been  f7  degrees.  But,  adnlitting  a  loss  of 
half  a  degree  iri  pouring  oUt  the  fluid,  arid  of 
half  a  degree,  at  the  same  time,  for  the  cooling; 
this  will  bring  us  precisely  to  the  76**  observed 
in  the  case  of  venous  blood.  Hence,  it  would 
appear  that  the  imaginary  capacity  of  the  latter 
is  precisely  the  same  as  that  of  common  water. 

t 
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illy  of  water  at  the  temperature  of  the  former  to  have  beca 
ihixed  with  the  half  pound  of  water  at  531  degrees,  and  if  we 
ddmit  the  capacity  of  the  vessel  to  have  been  equal  td  half  arf. 
oonce,  as  stated  by  Dr.  CtiAWFOBD^  then 

oz.  ffr. 
8}  X  53f  +  SI  14  X  98 

*— — ' ==/;. 

02.  gr.  ' 

8|  +  pi  14 

If,  instead  of  arterial  blood,  water  of  the  same  temper8tiu]p 

b^  substituted,  as  above,  then 

oz.  gr. 
•1X53  +  8  400X102 

.  =  78.08. 

oz.    gr.  ' 

ej  +  8  400 
VOL*  II.  Be  Jlj^ 
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If,  instead  of  arterial  bloot!,  the  same  qtian- 
Ity  of  water,  at  the  temperature  of  102',  bad 
been  mixed,  the  mean  temperature  would  have 
been  78.08.  At  the  end  of  four  minutes  it  wat 
ITl.  By  making  our  estimate  as  in  the  former 
case,  the  only  result  at  which  we  shall  come, 
wilt  be,  that  the  heat  from  the  arterial  blood  is 
not  so  soon  dissipated  as  from  the  venous.  TTie 
reason  of  this  may  be  explained  on  very  simple 
principle  :  venous  blood  being  more  fluid  than 
arterial  bloody  exposes,  when  poured  out,  a  lai^r 
surface  to  the  air,  and  wilt  therefore  be  sooner 
cooled. 

To  imitate  this  process,  1  dissolved  half  on 
lance  of  isinglass  in  a  pint  of  water,  and  liaving 
aised  the  mixture  to  a  temperature  of  \4(X, 
blended  with  it  a  pint  of  water  at  62''.  Had  the 
whole  of  the  fluid  been  pure  water,  it  would 
have  been  at  101°,  but  in  this  case  it  was  reduced, 
by  the  capacity  of  the  vessel,  to  gg".  When 
water  was  raised  to  the  same  temperature,  and 
poured  into  a  similar  pewter  vessel,  precisely  ia 
the  same  manner,  its  temperature  was  somewhat 
greater  than  gs  degrees  at  the  expiration  of  the 
first  minute.  It  consequently  sustained  a  loss, 
in  the  ■&€(.  of  pouring  out,  more  than  half  a  de- 
gree greater  than  the  loss  sustained  in  the  former 
case. 

To  found  therefore  a  system  on  an  observation 
-of 
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ofthiskitid^  resembles  the  theories  «whidil»efe 
formed  from  tlie  erroneous  calculation  madeii^ 
BoYLE^  of  the  specific  gravities  of  sefumand  ^f 
^e  red  globules*  Accdrding  to  bim^  blood  istd 
water  as  1040: 1000,  ifaut  serum  as  I I9O:  lOOO; 
Instead  of  ascertaining  the  fa<^,  the  partisans  of 
B0YL1&  fancied  that  an  aerial  spherule  Vl^s  £t- 
tached  to  each  of  the  red  particles :  this  dodhin^ 
was  received  for  nearly  a  century,  until  '{^(iS^Ssf, 
was  pointed  out  by  Dr.  Juain.  '       ''  - 

Thus  it  is  with  the  a4)ove  system  of  I^-.  Chaw- 
PORD,  the  principal  basis  of  which  resides  in  its 
complexity  ;  and  its  gredt  security^  iti  the  ap« 
parent  trouble  of  investigating  its  corredtness. 
When  we  see  a  series  of  calculations,  we  ar6 
more  apt  to  give  credit  to  all  the  (Circumstances 
which  are  stated,  than  to  undertake  the  arduous 
task  of  examining  the  principles  on  which  they 
are  founded . 

The  system  I  shall  now  proceed  to  examine^ 
is  that  of  the  French  philosophers,  which,  witb 
the  exception  of  some  particulars  it  is  not  ne- 
cessary to  adduce,  is  as  follows  :         '^ 

During  respiration,  or  the  passage  of  the  blood 
fronl  the  right  to  the  left  side  of  the  heart,  a 
great  quantity  of  oxygen  is  absorbed,  by  which 
the  \')enons  blood  is  rendered  artelri^.  *  Curb^nk^ 
acid  gas  and  water  are  formed  duHng  the  pro- 
oess  {    atid   hence  th«  blood  losett  its  hydrei^ 

£  e  2  carbonous 
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oarbon'ous  impregnation,  and  has  its  capacity 
for  caloric  increased.  The  oxygenated  blood 
ptaea  on  to  the  different  parts  of  the  systein« 
through  the  medium  of  the  circulation.  During 
this  passage,  particularly  in  the  capillary  vessels, 
Chemical  changes,  take  place.  The  oxygen  unit- 
ing vvith  the  other  elementary  principles,  cahmc 
U.  evolved,  and  the  phenomena  of  animal  heat 
produced. 

To  this  general  statemait  tliere  are  several 
escepttoDB :  some  suppose  all  the  phenomena  to 
\ak.e  place  in  the  lungs.  Others,  among  wboot 
is  Mods.  Seguin,  think,  that  the  arterial  blood 
becomes  venous,  in  the  extremities  of  the  arte- 
ries, by  absorbing  hydrogen  ;  and  that,  tiee 
versa,  tlie  venous  bloo»l  becomes  arterial  by  giv- 
ing out  its  hydrogen  in  the  lungs.  On  account 
of  the  affinity  of  carbonated  hydrogen  for  oxygen, 
being  greater  than  that  of  oxygen  for  caloric. 
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at  98*",  Ivhatever  may  be  the  state  of  atmospheric 
temperature.  ' 

The  quantity  of  air  taken  in  every  inspiration 
has  been  differently  estimated.  Borellus*,  in 
his  eighty-first  proposition,  calculates  it  at  about 
14  cubic  inches.  Jurin-|-,  Hales,  Haller^  and 
Sauvage  estimate  it  at  nearly  forty  cubic  inchest 
Dr.  Goodwin  at  about  twelve  ;  Dr.  Men25i!es  at 
forty,  and  Dr.  Beddoes  ,  at  twelve  or  fourteen.' 
By  frequent  trials,  I  have  found  thfat  I  inspire^ori 

r 

an  average  between  sixteen  artd  eightfeeh  inches! 

The  precise  quantity  inspired  is; not  of  any 
particular  importance,  seeing  that  the  estimate 
must  be  made  from  the  quantity"  of  dxygeii  gaS 
which  disappears.  '*      ^''^''^'^ 

It  has  been  observed,  that  atmosph^c  Bit  is 
the  only  gas  which  has  the  uniibrih  power  of 
supporting  animal  life.  Even  oxygen  gas  finally 
destroys  life.  As  the  latter  stimulates  animali 
too  powerfully,  so  does  common  air  aft  v^ith  kn 
equal  violence  on  fishes.  Those  with  large  gilU 
are  observed  to  die  sooner  than  the  others,,  aha 
have  the  light  red  appearance  of  hyperoxygdiia-* 
tion. 

■         ■  '  '"wi    Jill  I     w 

^  Hinc  deduxi,  quod  moles  aeris  k  me  inspirati  14  digitot 
CObicos  Don  aequabat ;  sed  suppoDamtis  foisse  15.   BoRSLLVt. 

f  .^timavi  igitar  aeris  cc^am,  leni  expiratione  emiMam 
tempore  trium  minutonim  secaodonus^  oume^o  rolundG^  4Q 
digitorum  cubiconun.    Jvbin, 

»e8  Dr, 
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Dr.  Derham  tells  us,  that  in  Holland  they 
fatten  carps  by  hanging  them  up  in  a  net  of  wet 
moss  in  a  damp  cellar,  with  the  head  proje^iing 
from  the  net.  In  this  statt  they  feed  them  with 
white  bread  snaked  in  milk. 
;  Dr.  pRiESTLfcy  siipjioses,  that  a  certain  por- 
tion of  nitrogen  is  absorbed  by  the  venous  blood. 
Dr.  HiGGins  has  drawn  from  his  expcrimeiils 
the  same  conclusion.  One  hundred  and  sixty* 
one  cubic  inches  of  air  having  been  respired  for 
one  minute,  at  the  expiration  of  that  time  nine 
Viches  disappeared,  and  the  residuum  was  found 
to  consist  of  nitrogen,  IH.6;  oxygen,  23; 
fltd  carbonic  acid,  17.4.  In  this  case,  nearly 
twenty-four  cubic  inches  of  oxygen  were  ab- 
sorbed, and  somewhat  more  than  seventeen  cubic 
-inches  of .  carbonic  acid  produced.  This  was 
ascertained  by  the  usual  test  of  a  solution  of 
caustic  potash*,  and  nitrous  gas.  TTie  experi- 
ipent  was  very  accurately  made  by  Mr.  Davy. 
};bave  repeated  it  in  different  respired  quantities. 
Tbe.  quantity  of  oxygen  appeared  to  be  on  an 
average  about  26,  the  therniometer  being  at  74°. 


*  ^e  satni^tihg  powere  of  uilrons  gas  vcre  tbns  asctt- 
teioed  by  Mr.  Daw.  A  paic  greea  soludoo  of  nUroas  add 
IB  vater,  ef  tbe  spcdfcgravilj  of  1. SOI.  is  composed  of  5a& 
purt*  of  water  and  49.38  of  add :  (be  acid  is  lonncd  tif  30 
ptrU  of  tutrogcD,  and  70  of  atygea  i  bcacc  the  prajKUboo  it 
U  1  nitrogfD,  to  2.3S9  oijgcD. 
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T  repeated  the  experiment  when  the  thertno- 
meter  was  at  55**,  but  did  not  observe  any  sensi- 
ble difference.  Mr.  Davy  states,  that  the  cai^- 
bohic  add  gas  produced  is  nearly  the  same  when 
respiriftg  oxygen,  common  air^  hydrogen,  or 
the  nitrous  oxyd.    ' 

•  He  fespired  182  cubic  inches  of  hydrogen.. 
After  six  deep  inspirations  and  expirations,  the 
gas  filled  a  space  equal  to  184,  and  consisted  of 
carbonic  acid  gas  4.8  ;  of  oxygen  4.6 ;  of  nitro- 
gen 21  ;  and  of  hydrogen  153.6. 

In  respiring  the  nitrous  oxyd,  the  same  por- 
tion of  carbonic  acid  is  given  out. 

These  experiments  seem  to  prove  that  the  car- 
bonic acid  gas,  when  thus  evolved,  is  not  the 
result  of  any  chemical  change  during^  the  state  of 
respiration. 

It  would  appear  that  it  is  giv6n  out  by  the 
venous  blood. 

On  a  supposition  that  the  oxygen  is  absorbed, 
and  evolves  all  its  caloric,  let  us  examine  if  this 
quantity  will  suffice  for  the  purpose  of  animal 
heat.  Lavoisibr  tells  us,  that  one  pound  of 
oxygen  gas  contains  as  much  caloric  as  will  melt 
66.66  pounds  of  ice ;  now  26  cubic  inches  of 
oxygen  gas  would  in  this  proportion  melt  600 
grains  of  ice.  From  this  should  be  deduced  the 
quantity  of  caloric  abstradled  from  the  system  in 
the  form  of  vapour. 

^e4  Sancto- 
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Sakctoeius  found,  tliat  in  Italy  the  perspira- 
tion was  five-eighths  of  what  had  been  taken  in 
for  food.  Dr.  Bbyan  Robinson  observesj  that 
aman  oi)  an  average  takes  four  pounds  and  a  half 
of  food  during  the  twenty-four  hours.  That  by 
perspiration  are  lo&t  two  pounds  ;  by  urine  two 
pounds  five  ounces ;  and  by  stool  three  ounces. 
t  have  made  the  above  estimate  respecting  my- 
self, and  find  that  I  take  nearly  five  pounds  and  a 
half  of  food  daily,  including  liquids  and  solids. 
By  the  above  proportion,  the  loss  by  perspiration 
will  be  nearly  two  pounds  and  a  half,  which  is  at 
the  rate  of  twelve  grains  every  minute.  Dr. 
Hales  found,  that  by  respiration  the  vapour  from 
the  lupgs  was  equal  to  two  grains  every  minute: 
this,  added  to  the  other,  will  be  fourteen  grains 
per  minute. 

One  gr^n  of  water  at  172'"*  will  melt  one 
grain  of  ice ;.  hence  14  grains  of  vapour  should 
melt  148  grainsof  ice.  This  being  deduiSed 
from  the  600  grains,  will  leave  452  grains  of  ice, 
equal  tq  307  grains,  or  a  little  inore  than  six 
^achms  of  water  at  the  boiling  point. 

The  quantity  pf  circulating  fluid  in  a  human 


*  Si  par  excQipIe,  od  prend  une  masse  it  glace  i  la  tempc' 
rature  32'  de  cc  [tiermometre,  ct  qu'oD  la  raele  k  udc  caatst 
igalcd'cau  a  1/2';  luraquela  glace  sera  fbodae,  on  aura  la 
pnssc  totale  co  eau  k  32°.    Ds  Luc. 

My, 
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body^  is^  at  a  medium^  nearly  6o  pounds.  Bar- 
tholin' tells  us  of  an  individual  who  bled  48 
pounds  in  three  days  by  the  nose  ;  and  in  the 
A6la  Erudita  Leipsig,  there  is  an  account  of  a 
person  who  lost  75  pounds  of  blood  in  ten  days. 
In  the  consideration  of  the  temperature  of  the 
human  body,  both  the  solids  and  fluids  should 
he  taken  into  the  calculation.  These  constitute 
a  mass  of  matter  equal  to  l6o  pounds.  Such  is^ 
at  least,  the  estimate  I  have  made  of  my  own 
weight. 

Into  a  large  vessel  I  poured  twenty  gallons  of 
water  heated  to  98^.  The  thermometer  was  at 
66^.  The  temperature  of  the  water  was  there- 
fore 32  degrees  higher  /  than  the  surrounding 
temperature.  In  forty  minutes  it  cooled  to  90 
degrees ;  or,  in ,  other  words,  it  sustained  a  loss 
of  eight  degrees  of  heat.  To  restore  it  to  its 
original  temperature  would  Have  required  80 
pounds  of  water  at  21 2,  at  the  rate  of  two  pounds 
ef  boiling  water  every  minute. 

*To  ascertain  whether  this  calculation  was  cor- 
re6l,  the  next  day  I  had  the  temperature  raised 
to  98^,  and  found  that  it  required  nearly  three 
pints  of  boiling  water  every  minute  to  preserve  it 
at  the  same  temperature*. 


^»- 


*  This  shews  that  the  decrements  of  temperature  are  not  in 
tbe  ratio  of  the  times.  During  the  first  minut<5^  the  wsi^ 
pooled  more  than  on  an  average  of  dghtminutM. 
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I  repeated  this  experiment  when  the  thermo- 
meter was  at  51°.  It  then  required  four  pints 
and  a  half  of  boiling  water  to  be  thrown  in  every 
minute,  to  preserve  the  same  temperature.  What 
must  it  have  required,  when  exposed  to  a  great 
degree  of  cold  ?  When  Pallas  wss  in  Siberia, 
a  quarter  of  a  pound  of  mercury  became  frozen 
by  the  natural  cold.  This  was  likewise  expe- 
rienced in  Petersburgh  in  3  759!  when  the  tern* 
peratnre  was  7-1  degrees  below  the  freezing  point. 
Gmelisus,  at  Jcncseik,  found  it  to  be  at  13? 
degrees  below  the  freezing  point.  In  l/Oo,  an 
equal  degree  of  cold  was  observed  in  Sweden. 

The  human  body,  so  long  as  it  retains  life, 
preserves  the  same  uniform  temperature.  Whe- 
ther it  is  surrounded  by  a  heated  atmosphere, 
as  in  the  experiment  of  Dr.  Fokdyce,  or  is 
placed  in  the  cold  media  above-mentioned,  it  will 
invariably  be  at  98  degrees. 

We  are  told,  that  in  winter  the  difference  of 
temperature  is  compensated  by  a  greater  con- 
densation of  the  air.  It  is  generally  observed, 
that  air  is  expanded  sae  by  the  addition  of  every 
degree  of  heat.  Now,  between  the  temperature 
under  the  line,  at  90  degrees,  and  that  of  the 
frigid  zones  above-mentioned,  the  difference  of 
heat  would  be  1 90  degrees.  Such  a  surprizing 
difference  would  not  increase  the  density  of  the 
air  one  half,  and  would  not  be  more  than  equal  to 

one 
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me  omice  of  boiling  water  per  minute;  while, 
on  the  contrary,  more  than  100  times-  that 
4qi]antity  would  be  requisite  to  preserve  such 
B  oiass  as  1 6o  pounds  at  the  temperature 
of  98. 

.  We  thus  see  that,  on  every  account,  respira^ 
tion  cannot  be  the  source  of  animal  heat.  In- 
stances are  recorded,  in  which  the  circulatiorl 
through  the  lungs  has  been  partially  prevented, 
without  the  temperature  having  been  changed. 
In  the  Observationes  Anatomicae  of  Sandefobt, 
an  instance  is  mentioned  of  a  youth  who  died 
in  his  eleventh  year.  On  the  body  being 
opened,  the  aorta  was  found  to  take  its  origin 
from  both  the  ventricles.  One  and  a  half  of  the 
valvule  semiltmares  were  extended  over  the  left 
ventricle,  insomuch  that  only  half  the  quantity 
of  bloed  passed  through  the  lungs. 

Mr.  Abernethy,  in  his  excellent  Essay  on  the 
Foramina  Thebesii  of  the  Heart,  cavities  which 
are  wdl  known  to  enable  the  nutrient  vessels  of 

« 

the  heart  to  relieve  themselves  when  surcharged, 
femarkj),  that  the  foramen  ovale  is  found  open 
in  all  instances  in  which  pulmonary  consumption 
has  for  some  time  existed.  This  is  owing  to  a 
deficiency  of  blood  in  the  left  ventricle,  and  to  a 
redundancy  in  the  right.  The  pressure  of  the 
latter  on  this  membranous  partition  will  stretch 

and 
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and  irritate  the  uniting  medium  in  such  a  way  m 
to  occasion  its  removal  *. 

That 


*  Al  Rcllicrliilhc,  a  bo/  ten  years  of  age  bad  tlie  foramen 
wale  perfeaiy  open.  The  sorfacc  of  his  body  had  so  il«p  a 
Ttncua  liiige,  liiai  liewas  usually  known  by  Ihc  name  of  ibe 
blue  bny.  Tlieie  was  an  universal  languor  in  bis  circubliun. 
He  w;is  soon  fatigued.  TJie  temperature  of  his  body  was  Qe'. 
Ti.is  buy  was  subjefled  to  several  experiments  by  tLal  eKCel- 
lent  cbeniist,  Dr.  Babiscton. 

In  the  above  case  we  find,  that  the  same  temperature  waj 
preserved,  nolwiihstanditig  the  cirk;ulBtio(>  through  the  King ■ 
was  t'lus  iulcrrupied — a  demonst ration  that  the  leiiiperature 
dots  not  depend  upon  any  supposed  decoinp(i«ition  taking  place 
in  the  lungs  ^  as  t!ie  cifHoe  of  respiraiion  is  to  alFord  a  stima- 
latSng  principle  to  tl.e  lungs,  the  want  of  air  may  account  for 
the  l.mgiior  which  wii?  pxperietirei!  in  the  above  case. 

Jn  torpid  animals,  such  as  the  be^ge-hog,  wbcn  in  their  state, 
of  torpidity,  if  tlie  temperature  uf  tlie  surrounding  air  be  eveo 
tell  degrees  below  ihe  freezing  poiut^  llie  aiiicnal  heat  has  been 
always  observed  by  that  ingenious  phjsiologist,  Mr.  ASTI.ET 
CoopEB,  to  be  al  44°.  Ai  ibc  insiaijl  tliej'  are  awakened  from 
iheir  torpidity,  the  animal  temperaiurc  imniediately  rises  nearly 
100'.  lliia  is  a  lartber  demonstraliou  of  tbe  existence  of  ■ 
power  inhcrcjH  in  ilie  animal,  lo  preserve  a  temperature  above 
tbat  ot  the  surrcndiug  mediunt,  when  the  funSion  of  respi- 
ration is  suipeiidcd.  Such  a  temperature  is  adequate  to  the 
small  share  of  aftivily  which  suffices  for  the  corporeal  preser- 
vation of  torpid  animals.  It. is  no  sooner  roused,  than  the  dr- 
culaiion  recommences.  All  the  secretory  powers  are  in  naotioni 
and  a  higher  temperature  becomes  necessaiy.  This  tempera- 
ture is  act]uircd  much  sooner  than  could  be  eflefled  by  the 
he^t  evolved  in  llie  first  mometit  of  resiflration, 

u 


*rhat  so  itrtportent  arpmoe^s  as  anima!  tempe** 
ra^iir^  should  depend  oil  the  irregular,*  unequat 
*6Vion  of  respiration  ;  th^  the  fimdllons  of  the 
animal  econotly  should  be  exciusively  governed 
by  this  uncertain,  anjitable  process  ;  would  be  to 
place  the  ^system   in  a  very  dangerous  predica* 
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Jt  is  well  known  that  Dr.  Fordvck,  placed  hiaiself  in  a 
room,  heated  by  the  steam  of  water  to  130^.  The  thermpmeter 
placed  under  his  tongue  stood  at  100^.  That  the  moisture 
with  which  every  part  of  his  body  was  covered,  proceeded  from 
Che  condensation  of  vapour,  evidently  appeared  from  a  sknilar 
coodcnsation  on  the  surface  of  a  Florentine  flask, 'which  had 
been  filled  with  water,  at  100*>. 

Mr.  HuKTER  has,  by  a  series  of  very  ingenious  experiments^ 
shewn  the  mode  in  which  an  animal  body  preserves  its  tempe- 
ji^ature  in  ver)'  cold  media. 

■  In  the  same  way  as  many  chemical  compounds  vary  in  their 
ffarmation,  according  to  the  degrees  of  temperature,  so  it  ii 
with  animal  secretions.  This  may  be  illustrated  by  the  nature 
of  bile;  the  blood,  in  circulating  through  the  vena  portarum  to  the 
iiver,  or,  according  to  one  case  which  occurred  to  that  excellent 
anatomist,  Mr.  Abernethy,  through  the  hepatic  artery,  reaches 
those  infibite  ramifications  >vhich  ultimately  terminate  in  what 
has  appeared  to  some  to  resemble  cryptse,  to  others,  convolutions 
ef  the  most  minute  vessels.  Certain  changes  are  ther?  inducedj-- 
by  which  the  blood  is  converted  into  a  substance  called  bile.  It 
acquires  a  colouring  pnnciple,  a  bitter  taste,  and  a  mild  mineral 
alkali,  which  the  nicest  chemidal  test  cannot  discover  in  the  blood. 
This  process  is  effedcd  by  the  same  powers  (ti-e  powers  of 
life),  which  provide  for  each  of  their  processes  the  necessjiy 
degree  of  teoiperature. 

inent. 
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1 20  strokes  in  the  minute ;  that  of  an  adult  70J 
until  at  length  the  animal  organization  having 
lost  its  susceptibility  of  impression,  dies  for  want 
of  exatiiig  pmverg. 

If  the  circulation  were  to  depend  on  the  same 
cattse  as  the  evolution  of  heat,  we  should  nlwavs 
find  its  increase  cotitemporaneons.  This  is  not, 
hoirever,  the  case.  Dr.  Cdrrie  observes,  in  his 
Valuable  publication  on  fevers,  that  the  vibra- 
tions of  the  arterial  sy^em  were  unusually  slowy 
notwithstanding  the  animal  heat  was  disengaged 
with  more  than  four-fnld  rapidity.  Even  in  the 
rarefied  atmosphTe  of  the  summit  of  Mont 
Blanc,  unconnected  with  any  heat  arising  from 
the  solar  rays,  the  diffbrcncc  in  sun  or  in  shade 
was  ob'iervcd  not  to  be  more  tlian  two  degices, 
although  Saussure  and  four  mountaineers  ex- 
perienced the  most  suffocating  heat  ** 

BoEELLUs-j-,  conceiving  that  the  arteries  are 
so  many  inanimate  tabes  ;  that  the  whole  motive 
power  resides  in  the  heart ;  and  henee,  cetertf 
paribus,  estimating  that  its  muscular  a<5lions  are 
in  the  ratio  of  their  masses,    by  comparing  it 


•  See  Dk  Luc  MetenTolog.  p.  36?,  *.  ii. 

t  Vis  rnoliva  musciili  cordis  superat  suO  momento  rcsistcn- 
fiam  totius  sanguinii  arteriarum  et  faaclarum,  earandetti  dila* 
taiionem  impedientium,  quxniajor  est  vi  londeris  180^000  & 
brarum.— BoxLLvs,  i'ro/).  kxvii.  par  stwnd, 

with 
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l^tb  the  temporal  and  masseter  muscles^  con-^ 
4:luded  that  its  adiotl  is  equal  to  180^000  pound?. 
RiBL,  on  the  otbet"  hand,  dri  an  equally  erro- 
neous principle,  reduced  it  to  seven  ounces*  It 
Was  supposed  by  HaLler^  that  the  velocity  of 
the  blood  continually  decreases ;  th€i  sum  of  the 
•  transvei'se  sections  of  the  arteries  greatly  exceed- 
ing thdt  of  the  aorta.  It  ought  to  be  observed^ 
that  the  thickness  of  the  arterial  tunks^  tda^ 
tively  to  their  areas,  is  greater  as  the  arteries  di- 
fiiimsh.  When  we  feel  the  arteries  of  the  head 
and  feet,  we  find,  as  Dr.  Gillum  *  proved  to 
the  Chinese  physician^  that  the  pulsations  Btt 
all  consonant  to  each  other. 

The  principle  which  is  imparted  to  the  blood 
in  the  smaller  arteries^  is  applied  to  a  propor- 
tionably  greater  surface ;  and  thus  amply  com- 
pensates for  the  loss  which  might  have  been  sup- 
posed to  arise  from  the  increasing  capacities. 

The  vesicular  formation  of  the  lungs^  as  it 
was  discovered  by  Malpighi  in  1660,  exposes 
an  immense  surface*    Dr.  Hales  ^  estimates  that 

the 


*  See  Sir  Gboboe  Staunton's  Memoirs  of  the  Embassy  lo 
CSiina,  v.  iii. 

f  Dr.  Halbs  found  the  capacity  of  the  longs  of  a  calf  to  be 
141  cable  inches.  By  abstrading  the  bronchia  this  will  be 
cqnal  to  100,  for  the  cavity  of  the  y^skfef.  The  size  of  these 
•     VOL^II.  Ff  Ttficlef 
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the  vesicles  are  not  more  than  _^  part  of  an 
inch  in  size.  If  so,  in  the  human  lungs  there 
will  be  about  30,000  square  inches.  Dr.  Kiel 
calcnlates  21,90(3  D  inches. 

A  proportionate!)'  extensive  surface  is  observed 
in  the  structure  of  the  gills  in  fishes,  which  are 
well  known  to  correspond  to  the  lungs  in  other 
animals.  In  a  skate  there  are  four  doubled  gills 
and  one  single  one  in  each  side,  constituting 
eighteen  sides  or  surfaces,  on  which  the  bron- 
chial artery  is  spread  out.  On  each  of  these 
sides  there  are  about  fifty  divisions,  or  doublings 
of  the  membrane  of  the  gills,  each  division  hav- 
ing on  each  side  l6o  subdivisions,  the  length  of 
whicli,  in  a  large  skate,  is  about  one-eighth  of 
an  inch,  and  the  breadth  about  one-sixteenth ; 
insomuch  that,  in  the  whole  of  the  gills,  there 
are  about  144,000  subdivisions,  and  the  surface 
exposed  is  2,250  square  inches,  or  more  than  15 
square  feet.  When  viewed  with  a  microscope, 
after  a  ver}'  fine  injedhon,  every  part  is  covered 
with  a  beautiful  net-work  of  exceedingly  minute 
vessels. 


Tcsicles  he  found  to  be  about  -^J-s  part  of  an  inch  in  diamdcr. 
The  sum  of  tlie  surfaces,  in  a  cubic  inch,  will  be  600  square 
inches,  multiplieii  by  100  =  60,000  square  inches  :  deduding 
one-ihird  for  the  absence  of  two  sides  in  each  little  vcsicolir 
tqbej  the  result  will  render  it  equal  to  40,000  d  tncbes. 

The 


t 

The  air-bladder  in  fished  is  not  d^oted-tb  any* 
puirposfe  of  respiration  •  but  only  calculated  ta. 
increase.  Or  diminish;  the  specific:  weight.  •  .Thirf 
is  not  efFedted  by  any  powers  by  which  the  air. is 
condensed,'  as  is  generally  supjSosed,  but  1  merely? 
hy  determining  the  quantity  of  air  from  thepor^ 
tion.  of  the  bladder  which' lies  in  the  thoracio 
portion  of  the  fish,  to  the  portion  which  is  seated 
in  the  abdominal  part;  The  bladder  of  a  fish  ja 
formed  of  two  sacculij  which  communicate  with 
toch  other.  One  of  these  sacculi  lies  in  the  aW 
ddmen,  and  the  other  in  the  thorax.  The  latter 
is  surrounded  by  a  firm  muscular  th^a,  or  sheath, 
which,  when  it  a6ls  on  the  sacculus  it  envelopes, 
presses  the  air  into  the  other  sacculus.  In  this 
way,  the  abdomen  becoming  inflated,  the  fish 
risesi^ 

.   These  c^lls  are  similar  in  stru6hire  to  the  elec- 
tric organs  of  the  torpedo  '*^,  with  this  difference, 

that 


*  In  Plate  XII.  is  d  rcprcsehtation  of  the  torpedo,  with  the 
electric  organ  on  the  side  exposed.  A  and  C  are  the  two  elec- 
trical organs,  and  B  the  integument  taken  off,  in  order  to  shew 
the  cellular  structure  of  the  eledric  organ  on  the  side  A :  the 
torpedo  is  a  fish  of  the  ray  kind.  Tliis  engraving  is  taken  from 
the  one  preserved  in  the  British  Museum,  by  permission  of  my 
learned  friend  Dr.  Shawe. 

These  cells  are,  in  their  form  and  arrangement,  very  much 
like  the  air  cells  in  the  lungs.    The  torpedinal  celU  are  never 

»  f  3  throwa 
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that  the  ele£lric  changes  of  the  pulmonary  cells 
are  equalized  by  the  pulsatory  current  of  the 
blood ;  while  the  apparatus  of  the  torpedo  re- 
quires an  external  circuit.  After  air  has  been 
inspired,  it  has  been  observed  by  Volta  and 
Read,  tliat  as  soon  as  it  is  expired,  its  quantity 
of  eie(2ricity  is  constantly  found  to  be  diminished. 

As  fluids  are  but  imperfefl  conductors  for  the 
weak  intensities  produced  by  these  processes,  Na- 
ture has  charged  the  venous  blood  with  carbon, 
which  being  an  excellent  conductor,  superior  in- 
deed to  any  other  conne6ted  with  the  air-vessels, 
through  this  medium  the  electric  charge  passes, 
and,  being  instantly  conveyed  to  the  heart,  sti- 
mulates that  muscle  to  action. 

Venous  blood,  when  exposed  to  the  galvanic 
process,  soon  acquires  the  redness  of  arterial 
blood.  It  has  been  deemed  difficult  to  conceive 
how  arterial  blood  should  again  become  venous 
blood,  and  again  acquire  the  carbonated  tinge. 

I  must  confess  that  I  entertain  great  doubti 
as  to  any  such  changCj  and  cannot  persuade  my- 


thrown  Into  a  state  fiCled  for  the  galvaDic  opemtion,  unles), 
'when  the]'  :ire  in  union  with  a  body  wbicb  U  a  conduftor  of 
cle&icity.  la  llie  lungs  iliis  principle  is  aflbrded  by  tbc  change 
which  iLe  pure  part  of  the  atmospheric  air  undergoes.  The 
lesidual  air,  when  it  is  expired,  is  found  to  be  in  a  uegaliye 
■tate  of  dcAricltyj  with  respect  to  atmospheric  air. 

self 
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•df  that  the  colouring  part  of  arterial  blood  again 
returns  into  the  veins. 

The  arteries  contain  blood,  according  to  Hal- 
t^R,  in  proportion  to  the  veins  as  4  to  g.  Accord- 
ing to  other  physiologists  the  difference'  is  much 
greater. 

The  arteries  terminate  in  four  different  ways, 
the  most  common  of  which  is  by  branches,  so 
very  tenuous  and  minute  as  not  to  admit  the 
red  blood,  and  which  are  generally  termed  seri- 
fefous  vessels.  These  vessels  ultimately  unite 
with  the  origin  of  the  veins.  The  second  mode 
of  termination  is  into  cells.  The  third  is  on4;he 
surface,  where  the  exhalants  are  formed ;  and, 
fourthly  and  lastly,  the  arteries  enter  into  the 
cxcret6ry  ducfts  6f  the  glands  *. 


^  From  this  rcvi^#  we  see  that  red  blood  cannot  pass  fcom 
Ihe  arteries  intb  the  veins  in  a  healthy  snbjed.  Even  where 
the  former  of  these  vessels  terminate  in  cells>  no  anatomical 
proofs  can  be  brought  of  the  return  of  the  blood  hj  the  veins. 
When  the  portion  of  the  blood  which  is  devoted  to  the  pur- 
poses of  nutrition  is  already  in  its  perfed  state>  it  would  be 
<^ntrary  to  the  simplicity  Nature  adopts^  to  have  it  again  de« 
ti^riorated>  and  again  obliged  to  undergo  a  pulmonary  change^ 
Id  death  the  loss  of  power  seems  first  to  take  place  in  the  ex* 
treme  branches  of  the  arterial  system^  the  remaining  adion  of 
the  larger  arteries  propelling  the  blood  with  a  sufficient  force 
to  overcome  the  diminished  resistance }  on  which  account  th^ 
arterier  are  usoailj  found  nearly  en^cd  of  bloocU 

Ff  3  Wheu 
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When  the!  nutritious  part  of  our  food  is  con- 
verted into  chyle,  and  absorbed  by  the  lafleals, 
thegi^  vessels  all  unite  in  one  common  duA,  the 
thoradp,  which  condufls  the  fluid  into  the  ve- 
i^oijs  system.  Even  in  the  state  of  cliyle  the 
same  globular  particles  are  observable  by  the  mi- 
cro§cope  as  are  found  to  exist  in  the  blood.  The 
particles  there  undergo  a  change  in  stru^ure, 
gnd,  b^cqmirig  less  opaque,  instead  pf  refledling 
white  light,  exhibit  a  dark  purplish  blue  light. 
'VHien  they  liaVe  passed  through  the  kuigs,  ano- 
ther, change  tates  place,  and  they  appear  of  a  hght 
Mocjena  red.  The  red  globules  of  blood  have 
now  undergone  their  last  arrangement,  and  arc 
^j^jiei/oted  |to  the  restpr^tion  of  the  continual 
loss  the  system  undergoes.  By  the  colonringpor- 
tion  of  blood,  all  new  parts  are  formed.  The  ar- 
terial system  never  permits  the  red  particles  to  en- 
^r  ag^in  into  the  veins,  unless  in  cases  of  disease. 
■  The  quantity  of  red  particles  received  into  the 
heart  from  the  veme  cava  may  suffice  for  all  the 
purposes  of  secretion.  If,  by  any  excitement, 
the  capacity  of  the  serifcrous  vessels  should  be 
increased,  so  as  to  admit  the  red  particles,  the 
latter  will  a£l  uppn  the  vessels  not  accustomed 
to  receive  them,  as  so  many  irritating  extraneous 
substances,  and  induce  inflammation.  When 
bipod  is  drawn  freely  from  the  arm,  in  separate 
cups,  the  last  cup  appears  very  different  in  red- 
ness 
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UCS8  from  the  first,  and  possesses  but  Jittle  of  the 
colouring  principle  ;  while  no  diiFerence  would, 
be  observed,  if  there  were  a  free  communication 
between  the  arterial  and  venous  systems.  As 
the  terminating .  arterial  vessels  con,v^y  the  co-^^ 
lourless»  part  only  of  the  blood,  in  proportion  as 
the  veins  empty  themselves,  the  residual  blooji 
becbmes ftnore  and  more  diluted  with  the.sefuiu^ 
from  the  arterial  system. 

•  Thu&  tfie  eij-culation  is  in  no  way  general ;  and^ 
the  colourless  part  of  the  blood  can  alpne  be 
said  to. undergo  ar^ijegular  circulating  qoursq.  .| 
'The  prindpie. which  is  unfolded  in.  th^^^Ije^rt 
adls^alBO  on  th^/ af ten al  system  ;  and,  di^usipg^ 
itself  throughout  the. whole  frame,  proves  tliQ. 
source  of  general  energy. 

To  the  variation  oT  this  principle  in  the  air, 
are  to  l?e  ascribed ,  the  changes  we  undergo  .as  to 
our  1  sensations, ,  together  with  the  l^nguQr  an4 
indolence  we  experience,  when  the  atmosphere 
is  but  feebly  charged  with  eledlricity.  Sq  also, 
on  the  contrary,  we  may  account  for  the  cordfal 
exhilaration  we  feel,  when  the  barometer  is  high, 
and  the  air  consequently  charged  with  electricity. 

This  opens  a  boundless  source  of  inquiry ;  and 
when  we  become  acquainted  with  the  stimulus 
Nature  herself  employs,  much  may  be  expedled 
from  its  judicious  application  in  cases  where  a 
want  of  adlion  is  required. 

Ff4  Nature, 
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Nature,  invariably  simple  in  her  operations, 
distributes  to  the  particular  parts  of  the  animal 
economy,  the  blood  in  a  state  apprnp-':,ted  to 
the  purposes  she  intends.  Thus,  oxygenated 
blood  is  not  requisite  to  the  secretion  of  the  bile, 
notwithstanding  it  may  be  occasionally  employed, 
as  appears  from  a  case  of  lusii-^  naturee  whicK 
occurred  to  Mr.  Abernethy,  in  which  all  the 
blood,  returned  by  th*;  veins  of  the  different 
phylopoietie  organs,  was  conveyed  by  the  vena 
portarum  immediately  into  thevena  cava  inferiOT, 
near  to  the  origin  of  the  enmlgent  veins.  la 
this  case,  the  hepatic  artery*,  which  was  some- 
what enlarged,  was  the  only  vessel  that  cffli- 
veyed  the  blood  into  the  liver. 


*  A*,  in  oilier  gland»,  the  arterial  blootf  aos^rcrg  the  dontls 
pnrjtwe  of  affording  a  pabulum  to  the  Kcrerions,  apd  of 
tupplying  the  organ  with  vilal  energy,  it  has  been  HUppoBcd  b; 
tome  pfaysiologitta,  that  the  hepatic  artery  does  the  lame. 
They  fancy  tliat  th^^ir  conjefliire  receives  sotne  confirmation 
from  the  coniniviiicatiDn  between  (be  hepatic  artery  and  vcni 
portarum ;  but  this  is  a  communication  which  must  nccesia- 
xAy  arise  ftopi  Uic  beptic  vans  retuming  blood  iroin  betb, 
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application  &f  galvanism  to  medicine^^^Its 
effeBs  in  paralytic  affeSHons-^In  cases  of  deaf^ 
TtesS'^-^Th^  cases  in  which  it  is  most  beneJidaU^ 
Whether  it  is  useful  in  amaurosis^  or  in  gutta 
*  serena-^Observations  in  spasmodic  qffeSlions-^ 
How  far  rigidity ^  and  want  of  motion  monf  ke 
aided  by  this  principle — Its  good  eJfeSls  in  indo^ 
lent  tumorS'-^Cases  of  mental  derangement  eon^ 
,  sidered-^Its  use  in  cases  of  suspended  animatiow^ 
whether  from  drowning  or  hanging, 

HAVING  attempted  to  prove  the  imports 
0Dce  of  the  principle  of  galvanism,  as  it  ioflo- 
ences  the  aniiaal  economy,  I  shall  now  proceed 
to  consider  the  particular  cases  of  derangement 
in  which  the  anploymtent  of  this  principle  has 
Ixeen  deemed  beneficial. 

I  have  already  given  an  extensive  account  of 
the  theory  of  Galtani,  relatively  to  the  exist-* 
enoe  of  the  two  states  of  eledlricity  in  the  muscu* 
lar  and  ilervous  systems  ;  and  have  also  detailed 
his  conjetSturea  on  the  cause  of  violent  rheumatic 
aSedtions  and  of  nervous  sciatica.  According  to 
hiiAf  (heae  disa^ui^^  »rise  from  extravasated  hu- 
mours^ 
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mours,  which  form  an  arc  between  the  eletlricitjr 
of  the  nerves  and  that  of  the  muscles. 

The  influence  of  this  principle  is,  I  presume, 
merely  to  be  attributed  to  its  stimulating  power. 
I  do  not  think  that,  by  any  mechanical  means, 
we  can  produce  any  increase  or  diminution  of 
the  principle  of  galvanism  in  any  part  of  the 
animal  frame, 

I  have  already  stated,  that  animal  substances 
rank,  in  their  conducting  powers,  next  to  metals; 
and  that,  in  the  gradation  of  these  powers,  they 
contain  the  principle  of  galvanism  as  one  of  their 
component  parts.  No  change  in  these  spb- 
stances  can  therefore  take  place,  without  their 
capacities  for  eleAricity  being  changed  also. 

In  the  prr.-cnt  state  of  our  knowledge  of  the 
principle  of  galvanism,  it  has  not  been  ascertained 
whether  any  particular  corporeal  derangements 
are  the  causes  or  efFefts  of  a  change  in  the  re- 
spe(B:ive  capacities  of  the  diseased  parts  for  elec- 
tricity. The  ascertainment  of  this  point  would 
be  a  considerable  desideratum  in  medicine. 

The  aflion  of  galvanism  on  the  muscular  and 
nervous  systems  is  more  violent,  in  proportion  to 
its  intensity,  than  that  of  common  electricity. 
The  charge  of  a  galvanic  battery,' so  feeble  as  not 
to  be  able  to  disturb  a  gold-lc4f  eledtroscope, 
when  propelled  through  the  head,  produces  a 
Stronger  sensation  than  the  one  which  is  expe- 
rienced 
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rienqed  from  one  hundred  times  the  same  inten-i 
sily,  produced  by  a  Leyden  phial. 

In  the  case,  of  the  charged  jar,  such  an  inten- 
sity must  be  accumulated,  as  is  able  to  a6l  against 
the  resistanpe  of  the  air  contiguous  to  the  coat->> 
ing^s  of  the  jar.  When  it  is  discharged  through 
(jijiy  part  of  the  animal  frame,  the  ss^me  disturb- 
ance is  not  produced  as  by  the  passage  of  a  gal- 
vanic shock. 

The  galvanism  from  a  |:)^ttery  is  discharged  iij 
^hat  st^t^  of  intensity  only,  in  which  it  naturally 
exists  in  the  animal  frame.  Every  particle  of  the 
i^uid  being  disturbed,  the  general  influence  is 
greater  th^n  if  it  had  been  adled  upon  by  an  in- 
tensity greatly  superior  to  itself. 

Having  considered  galvanism  as  the  interme- 
diate agent  between  matter  and  spirit,  it  may 
naturally  be  expedled  from  this  reasoning,  that 
in  the  cases  in  which  the  influence  of  the  mind 
pn  the  animal  fundions  is  in  any  manner  de- 
stroyed, as  in  paralytic  afFe6lions,  &c.  the  employ- 
jfnent  of  the  principle  of  galvanism  should  be 
attended  with  iDeneficial  efFedls.    Having  already 

noticed  the  few  cases  which  have  hitherto  b^ea 

» 

published,  I  shall  now  particularize  those  which 
have  fallen  under  my  owni  observation. 


444  MKDtCAL  GALXASISM, 

THB  ISFLCEHCa  OF  GALVASISM  15  PAlLiLTTlC 
ArFECTIOSS. 

"When  paralytb  affrfHoos  arise  from  OTgamc 
flefb^,  as  in  cases  of  pal^y  of  the  lower  eitn- 
imties,  from  diseased  spir^e.  no  good  ^e^  can 
be  cspetSed  to  result  from  the  apptkatioo  of 
galTanism. 

Id  cases  of  hennplegia,  arising-  fnxn  the  pres- 
nre  of  extntTa^ated  fluid  in  or  Dpon  the  braiD, 
the  stimulus  of  galvanism  irotildj  it  appears  to 
me,  be  injarioos,  in  consequence  of  its  adion  ia- 
creasing  the  extraTasafion.  In  one  case,  of  a 
,  person  about  the  age  of  thirty^  of  a  full  plethoric 
ianperameBt,  wbo  su&icd  the  toss  of  the  ose  of 
one  of  the  si''??,  frrm  an  apcp'.ectic  attack,  I 
^jplied  gentle  shocks  of  gal%-amsm  feroogfa  tiie 
sde  of  the  bnin  opposite  to  the  affeiSed  pait  of 
the  body.  Upon  the  third  day,  a  considerable 
giddiness  took  place ;  and  the  vessels  of  the  eyes 
became  turgid.  I  immediatelT  discontinued  the 
application,  and  in  a  few  days  these  unfavoorafale 
^^tnptoms  disappeared. 

These  cases  are  but  few  in  Domber,  when 
cmnpared  with  those  which  arise  from  a  defedtive 
energy  in  the  brain  itsdf.  In  these  tatter  in^ 
stances,  galvanism  has  oftoi  proved  of  very  con- 
nderable  adrantage. 

By  the  Boeaus  of  gaJnnisia  I  have  never  suc- 
ceeded 


ceeded  in  perfedly  restoring  the^  patkirt:  to  bU 
<^4gmal  sansibility ;  but  have,  in  many  instancesj^ 
<x>nsiderably  assisted  the  powers  of  motion. 

The  following  is  the  mode  I  adopt  in  the  Bp^ 
l^i^tto^  of  this  principle;  supposing  the  right 
arin  and  right  leg  to  be  paralysed :  My  galvanic 
l)2^ttery  having  been  prepared  as  before  direi^ed.' 
I  begin  with  about  a  dozen  plates^  as  rn  Fig*  0,^^ 
PUUe  Vlf.  If  one  of  the  wires  be  applied  at  B, 
and  2^nother  at  2,  the  power  i$  in  proportion  %a 
t]jK^  li^umber  of  plates  between  B  a^d  3.  Th^ 
nearer  the  other  wire  is  placed  towairds  C«  th/^« 
greater  the  power.  In  applying  the  condinSU^ 
wire  to  the  parts  of  the  body  through  which  the 
galvanic  shock  is  intended  to  be  passed,  th^ 
cpn^^ntal  pra(5litioners  have  in  general  remove4 
the  resisting  cuticle  by  the  means  of  blisters. 
In  having  recourse  to  this  application,  which  is 
unnecessary,  the  excoriated  parts  suffer  great!/ 
from^  the  application  of  galvanism.  The  above 
mode  was  adopted,  because,  whenever  the  con-^ 
di^uSling  wires  are  applied  to  the  cuticle,  the  re-* 
sistance  through  this  non-condudling  part  is  t€)a 
great  to  be  overcome  by  so  feeble  an  intensity. 

The  method  I  employ  renders  this  operation 
unnecessary.  I  simply  moisten  with  water  the 
parts  through  which  I  purpose  to  diredl  the  gal- 
vanic fluid,  and  afterwards  place  on  each  of  them 
a  innall  piece,  about  the  size,  of  a  shilling,  of  gold 

leaf 
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leaf  or  Dutch  metal.  On  the  conduiSing  wires 
being  applied  to  these  substances,  the  circuit  is 
completed, 

In  a  case  of  hemiplegia,  as  before  mentioned, 
a  piece  of  gold  leaf  having  been  applied  on  the 
right  side  of  the  forehead,  and  another  on  the 
arm  of  the  left  side,  as  often  as  the  circuit  is 
completed,  the  arm  becomes  convulsively  ab- 
lated.    During  the  operation,  one  of  the  con- 
'^    duflors  should  be  left  in  contaA  with  one  of  the 
'i     pieces  of  metallic  leaf,  while  the  other  conduc- 
■"^^    tor,   which  is  employed  to  complete  the  circuit, 
^         should  be  removed  immediately  after  the  con- 
tadl  is  made.     The  operator  should  proceed  thus 
L         for  about  ten  minutes  or  a  quarter  of  an  hour, 
according  to  the  nature  of  the  case,  and  the  de- 
gree of  inflammation  induced  on  the  parts. 

Very  soon  after  the  application  of  galvanism, 
an  areolous  redness  is  perceived  ;  and  if  it  be  per- 
severed in  too  long,  vesications  and  subsequent 
ulcerations  are  produced.  These  symptoms, 
which  are  a  little  troublesome  for  the  moment, 
do  not  require  any  particular  treatment  in  their 
cure.  The  part  of  the  body  to  which  the  con- 
ducing wire  from  the  copper  side  of  the  battery 
is  applied,  is  always  the  most  powerfully  a(Sed 
on  ;  and  if  the  condniSting  wires  be  kept  in  con- 
ta£t  with  the  metallic  leaves,  for  the  space  even 
of  half  a  minute,  without  being  removed,  the 

one 


^l£t)lCAL  .6ACVANISM.  44/ 

one  from  the  copper  side  will  produce  an  acute 
pricking  sensation,  very  much  resembling  the 
bite  of  a  leech. 

In  some  cases,  attention  ought  to  be  paid  to 
this  difference  between  the  ends  of  the  battery^ 
When  it  is  wished  to  adl  on  one  part  of  the  body 
more  powerfully  than  on  the  other,  the  condu6t- 
ing  wire  from  the  copper  end  should  be  placecj 
on  that  particular  part.  This  difference  in  ppwer 
corresponds  with  the  effedls  experienced  from  the 
charged  Leyden  jar,  in  the  case  of  which,  the 
part  of  the  body  conne6led  with  the  negative 
side  of  the  jar  is  more  powerfujly  adled  on  than 
the  part  connedled  with  the  positive  side.  In 
recent  cases  of  hemiplegia,  very  good  effects  are 
soon  perceived.  After  a  few  applications,  a  sen-- 
sation  of  returning  warmth  is  felt ;  and  the  ac* 
tion  of  the  muscles  of  the  arm  restored,  as  often 
as  the  circuit  is  completed.  After  the  operation, 
the  use  of  the  flesh-brush,  persevered  in  for 
about  a  quarter  of  an  hour,  contributes  to  re- 
establish the  circulation  of  the  diseased  parts. 

The  effects  of  this  principle,  when  it  is  applied 
to  the  human  body,  are  not  so  painful  as  those  of 
dedricity,  notwithstanding  its  adlions  are  more 
powerful.  By  preventing  the  muscles  from  re- 
maining constantly  in  a  state  of  torpid  inadliyjity, 
the  loss  of  substance  which  would  otherwise^  take 
plape  is  guarded  against.    The  application  should 

be 
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he  made  at  least  twice  a  day  ;  otherwise  the  m* 
tervals  will  be  so  long  as  to  prevent  any  good 
cfftds  from  ensuing. 

In  paralytic  cases  of  the  most  distressing  na- 
ture, considerable  relief  has  been  derived  from  the 
application  of  this  principle.  An  individual,  aged 
«ixty-seven,  residing  in  London-street,  and  well 
Itnown  to  many  artists  as  an  eminent  lay  figure 
maker,  had  labonrcd  under  a  paraljtic  attack 
nearly  eighteen  months  before  his  surgeon  sent 
him  to  me.  All  the  usual  remedies  bad,  as  well 
88  electricity,  been  tried  in  vain  ;  insomuch,  that 
at  the  above  i^erlod  he  was  so  totally  deprived  of 
motion,  that  he  could  not  rise  from  his  chair 
without  assistance.  He  was  brought  to  my 
house  in  a  coach.  For  the  space  of  about  a 
quarter  of  an  hour  I  transmitted  the  power  of 
about  twelve  plates  through  the  forehead  and  the 
back  of  the  neck.  This  mode  of  application  was 
continued  for  three  or  four  days  ;  and  the  fluid 
afterwards  made  to  pass  from  the  forehead  through 
the  affetHed  arm.  In  less  than  a  fortnight,  b» 
had  recovered  the  faculty  of  motion  to  such  a 
degree,  as  to  be  enabled  to  walk  from  his  own 
house  to  mine,  a  distance  of  at  least  half  a  mile. 
In  this  state  he  remained  in  a  manner  stationary ; 
and  although  the  galvanism  was  still  continued 
for  a  month  or  six  weeks,  strll  no  perceptible 
change  was  observed  to  take  plac«.    Whenever 

he 
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he  omitted  the  gaWantam  for  two  or  three  days*^ 
he  found  himself  uncomfortable ;  and  was  con-^ 
•tantly  persuaded  that,  after  its  application,  his 
'  mind  was  calmed,  an4  not  subject  to  so  great  ] ; 
a  depression  as  is  usual  in  paralytic  patients*  ' 
■  When  it  is  deemed  requisite  to  apply  galvaniewi* 
'  to  any  part  of  the  body,  in  the  case  of  which 
nmther  the  head,  nor  the  brain,  enters  into  the 
circuity  the  galvanic  influence  may  be  very  con- 
«ideraWy  augmented.   Thus,  in  a  paralytic  affec- 
tion of  the  leg,  which  it  is  intended  to  galvanize 
from  the  knee  to  the  foot,  fifty  or  sixty  plates 
may  be  employed,  and  will,  in  general,  be  found 
to  be  attended  by  good  efFedls. 

EFFECTS  OF  GALVANISM  IN  CASES   OF   DEAFNESS* 

From  the  reports  of  the  foreign  pra6litioners,  it 

would  appear  that  galvanism  is  a  specific  in  cases 

of  deafness.   Its  success,  in  these  cases,  seems  to 

depend  on  the  cause  which  occasions  the  defe^ 

.of  bearing. 

In  that  of  persons  born  deaf,  and  nece€^sari!y 
dumb,  it  seems  to  arise  from  the  dis^^ased  state 
of  the  semicircular  canals,  which,  instead  of 
being  filled  with  a  fluid  capable  pf  transmitting 
impressions,  contain  an  inelastic,  caseous4ike 
substance.  Under  these  circumstances,  no  good 
tfteA  can  be  expelled  to  be  derived  from  gai- 
Tanism. 

VOL.  IX.  G  g  Wh^jO 
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When  we  consider  the  nice  struflure  of  the 
.  ear,  it  is  not  difficult  to  perceive  by  how  many 
different  causes  deafness  may  be  produced. 
Among  these  causes  may  be  reckoned,  obstruc- 
tions in  the  meatus  ;  a  relaxation,  or  any  mor- 
bid state,  of  the  membrana  tympani ;  a  derange- 
ment of  the  ossicula,  by  the  etFcCt  of  which  the 
tremors  of  the  membrana  tympani  are  not  regu- 
larly transmitted,  by  the  base  of  the  stapes,  to 
Uie  membrane  which  covers  the  fenestra  ovaliS'-, 
any  change  in  the  watery  property  of  the  fluid 
contained  in  the  canals  ;  or  any  insensibility  in 
the  auditory  nerve,  by  which  its  susceptibility 
of  ai^iion  is  lessened.  To  these  causes  may  be 
added  another,  which  is,  perhaps,  the  most  pre- 
valent, namely,  an  obstruflion  of  the  eustachisn 
tube- 

This  tube  answers,  to  the  organ  of  hearing,  the 
.  same  purpose  as  the  hole  in  its  side  does  to  a 
common  drum.  Without  such  an  aperture  in 
the  latter,  to  admit  the  ready  ingress'  and  egress 
of  the  air^  the  vibrations  of  the  parchment  would 
be  greatly  impeded.  When  the  head  of  the 
drum  is  struck,  a  pendulous  like  motion  is  pro- 
duced in  the  parchment,  which  plays  backwards 
and  forwards.  If  the  drum  were  to  be  air-tight, 
this  motion  would  not  take  place,  on  account  of 
the  resistance  of  the  confined  air.  This  is  pre- 
cisely the  case  with  the  eustachian  tube,  which, 
opening 
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.CFpening  into  the  posterior  part  of  the  mouth, 
prevents  any  aerial  resistance  to  the  vibrations  of 
the  membrana  tympani. 

It  is  fortunately  in  the  particular  species  of 
deafness  which  can  rarely  be  relieved  by  any  other 
means,  that  galvanism  is  most  advantageously 
employed)  namely,  in  a  defedlive  energy  of  the 
auditory  nerve. 

This  species  of  deafness  is  ascertainable,  by 
the  common  pradlice  of  placing  a  sonorous  body 
m  conta6t  with  the  teeth.  If  the  communication 
jof  sound  should  not  be  thus  rendered  more  dis- 
tindl,  we  may  conclude  that  the  defecSt  originates 
in  the  nerve  ;  seeing  that^  provided  the  deafness 
had  been  owing  to  any  derangement  of  the  other 
parts  of  the  ear,  the  sound,  transmitted  by  the 
medium  of  the  teeth,  through  the  connedling 
bony  substance,  to  the  seat  of  hearing,  would 
have  been  distinctly  perceived. 

In  several  cases,  in  which  the  deafaess  seems 
to  have  arisen  from  a  relaxation  of  the  mem- 
brana tympani,  attended  by  a  diminished  secre- 
.tion  of  cerumen,  I  have  experiencecj  good  ef- 
fedls  from  the  employment  of  galvanism,  which 
not  only  induced  a  grateful  warmth  in  the 
meatus,  but  also  considerably  augmented  the 
secretion  of  wax. 

In  the  instances  in  which  the  deafnqss,  origU 
Dating  from  an  obliteration  of  the  eustachian 

6g2  tube^ 
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tube,  has  been  of  some  durr.tion,  beneficial  efFeiSi 
are  not,  in  my  opinion,  to  be  expe<5led  to  result 
from  the  application  of  galvanism.  A  meclianiad 
ob8tru(^ion  is  then  fonncd,  which  might  probably 
be  increased  by  the  continued  employment  of  t 
powerful  stimulant. 

In  the  above  cases  of  deafness,  the  public 
is  highly  indebted  to  the  valuable  observations  of 
an  eminent  surgeon,  Mr.  A.  Coopiir,  who  lias 
advised  the  making  of  a  very  small  perforation 
through  the  upper  part  of  the  membrana  tym- 
pani,  by  which  means  the  ossicula  will  not  be 
injured,  and  the  air  will  be  allowed  to  puss  ani 
repass  through  this  artificial  opening. 

When  it  is  ascertained  that  the  deafness  is  of 
that  particuliir  nature,  in  whi('h  g:ilv;ii!i-<m  may 
be  usefully  employed,  the  following  is  the  mode 
I  have  adopted  for  its  application  :  In  Piale  XI. 
Fig-  1,  is  represented  a  trough,  with  two  con- 
duiSing  v;ires,  A  and  B,  at  the  end  of  each  of 
which  is  a  small  plate  of  ivory,  about  one  inch 
and  a  half  in  diameter.  Through  the  centre  of 
each  of  these  plates  is  passed  a  silver  wire,  with 
a  small  ball  at  its  extremity.  In  order  that  they 
may  be  insulated,  the  silver  wires,  whicli  are 
about  an  inch  in  length,  are  inclosed,  eadi  of 
them  in  an  ivory  tube.  The  inside  of  the  right 
iear  having  been  previously  moistened  with  water, 
by  the  nacans  of  a  pencil,  the  ball  is  introduced 

into 
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ihto  the  meatus,  the  ivory  plate  preventing,  on 
any  movement,  the  wire  from  penetrating  too 
fiff.  The  other  wire  is  introduced  in  a  similar 
nisnner,  into  the  left  ear :  when  they  are  thus 
Srrdnged,  and  preserved  in  this  situation  by  tlM 
help  of  a  ribbon,  or  of  an  assistant,  the  comple-t 
tion  of  the  circuit  is  best  efFe6led,  by  bringiiiag 
the  end  of  one  of  the  condu6ting  wires  inta[ 
occasional  contadl  with  the  trough.  Ifi  the  eitr 
graving,  nearly  all  the  plates  of  the  trovigb  are 
placed  between  the  condudling  \<rirefe  A  and  B  j 
bat  great  care  should  be  taken  that  a  very  getftle 
power  be  at  first  employed,  not  exfceeding  sevei^ 
dt  eight  plates.  In  this  resp^dt  the  qoaaatitf 
ntitst  be  regulated  by  the  selisations.  •  Some  per** 
fibWs  scarcely  feel  the  powfer  of  twenty  platea  j 
while  others  experience  from  such  a  proportitm 
of  th^  fluid  a  very  distressing  giddiness.  It  is 
dw^ys  advisable  W  begin  with  the  power  of  a 
^alt  tiumb^  of  Jl)late9.  If  it  be  too  considei^- 
sfbte^  at  very  ^infttl  s^niation  is 'induced  ;  but  if,- 
dn  the  contrary,  it  be  so  regulated  as  to  produce 
itMMe  effe£ts  oiily^  the  sen^tkm  is  then  by  n0 
means  unpleasant,  and  is.  followed  by  a  very 
agreeable  warmth. 

I  have  sometimes  found  that,  after  the  appli- 
cation has  been  made  for  a  few  days,  a  painful 
aching  sensation  has  taken  place  on  the  side  of 
the  head.     Having  then  discontinued  the  gal-. 
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vanism,  in  a  little  time  the  piun  has  subsided,  and 
the  deafness  been  entirely  subdued. 

It  frequently  happens,  that  at  the  commence- 
HiMit  the  deafness  appears  to  be  increased. 
Tliis  has  excited  so  much  terror  in  the  mind  of 
the  patient,  as  to  have  prevented  him  from  sub- 
mitting to  a  repetition  of  the  treatment.  I  har^ 
however,  constantly  found  this  increased  sympr 
torn  of  ailment  to  disappear,  and  that^  by  a  pros- 
per perseverance,  considerable  relief  has  in  gene- 
ral been  derived. 

When  a  remedy  is  slow  in  its  aiJlion,  few  per-, 
sons  possess  the  resolution  to  persist  in  the  trial 
They  ought,  on  the  other  hand,  to  consider,  that 
it  Is  much  safer  that  the  change  shoiJd  be 
gradually  efFedled,  than  produced  by  violent 
means. 

When  one  ear  only  is  affaSled,  it  is  not  neces-^ 
fary  to  introduce  the  apparatus  into  the  meatus. 


MEDICAL  PALVAKISM*  *  \  455 


APPLICATION  OP  GALVANISM  TO  CASES  OF  WEAK- 
NESS OF  SIGHT^  AND  QP  AMAUROSIS. 

I  wish  it  were  in  my  power  to  speak  ae  favour- 
ably of  the  efFedls  of  galvanism  in  complaints  of 
the  eyes,  as  in  those  of  the  ears;  but  as  yet  J 
have  not  met  with  one  successful  case.  I  have 
tried  it  bpth  in  incipient  amaurosis,  and  in  the 
completely  formed  gutta  serena,  without  observ-r 
ing  any  favourable  changie  whatever.  In  the 
application  of  this  principle  I  have  adopted  every 
possible  mode,  either  suggested  to  me  by  others, 
or  conceived  by  myself,  without  having  been 
enabled  to  reap  any  advantage.  Although  Gra- 
P5NGIESSER  has  published  several  surprizing  in-  ' 
stances  of  cures  in  the  above  complaints,  still, 
from  the  variety  of  cases  in  which  I  have  tried  - 
the  galvanic  influence  for  a  period  of  several 
months,  without  having  been  so  fortunate  as  to 
afford  any  relief,  I  now  entertain  but  little 
hope  of  its  efficacy  in  these  cases.  In  chronic 
ulcerations  of  the  eye-lids,  I  have  been  more  suc- 
cessful, by  producing  a  change  in  the  morbid 
a6lion  of  the  part.  In  one  case  of  blindness,  in  - 
which  I  applied  galvanism  for  a  considerable 
length  of  time,  the  patient  laboured  under  old 
ulcerations  of  the  legs,  which,  from  the  influ- 
ence of  the  galvanism  on  the  system  in  general, 

G  g  4  took 


^/ 


''0$ft    f  MEDICAL  GALVASISH. 

took  a  favourable  turn,  and  were  in  a  short  time 
completely  healed. 

JNPLUEffCE  OF  GALVANISM  IIT  SPASMODIC  AFFEC 
TIONS,  AND  IN  CASES  WHERE  THERE  IS  A  DE- 
FECT OP  MOTIOS',  OK  A  WANT  Ot  ACTION. 

In  involuntary  aclions  of  the  muscles,  I  know 
of  no  remedy  so  efficacioiis  as  galvanism.  Ins 
contracted  state  of  the  fingers,  or  hands,  how- 
ever violently  the  latter  may  be  clenched,  on 
the  application  of  this  principle  for  the  space  of  a 
few  minutes,  it  rarely  fails  to  induce  a  relaxation. 
In  cases  of  cramp,  if  of  long  continaance,  and 
even  of  tetanus  *,  or  locked  jaw,  it  has  afforded 
relief  in  a  short  space  of  time.  In  contraflions 
of  the  joints,  and  in  all  cases  of  rigidity,  it  will  be 
found  a  very  advantageous  stimulus,  which  will 
greatly  contrihote  to  the  restoration  of  motion. 

la  the  stiffness  of  the  joints,  occasioned  by  the 
gout,  it  has  come  under  my  ohservation  that  the 
stimulus  of  galvanism,  conjointly  with  the  flesh- 
brash,  has  been  attended  by  the  happiest  efFedls. 
It  seems  to  give  such  a  tone  to  the  blood-vessels 
as  to  render  the  circulation  more  vigorous.  In  this 
state  of  the  disease  such  an  efieft  is  very  desirable. 

•  A  very  intelligent    geotlcDaaD,  Genera!  Watsoii,  io- 

{bTTDed  me  of  a  case  of  tetanus,  which  bad  reiisUd  everf  oCbet 

remedy,  having  been  completely  relieved  by  a  qaarter  of  aa 

heor's  application  <£  this  piiocipk,  to  the  coD?u]sed  nniscla. 

Perhaps 
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Perhaps  in  no  case  are  ibe  advantages  of  gal^ 
vanism  more  sensibly  experienced,  thati  in  in« 
dolent  tumors,  or  serophnlous  swellings,  which 
have  long  remained  stationary.  By  the  ififltience 
of  this  principle,  tumors  of  this  kind  have  in  s 
few  days  been  brought  either  ihto  a  state  of  sup* 
puration  or  resolution.  Many  swellings  are  of 
such  a  nature,  that  their  removal  by  either  6i 
these  means  is  desirable.  I  hate  frequently  ap->* « 
plied  the  galvanic  principle  with  the  utmost  suc-^ 
cess  in  inguinal  tumors,  which  had  resisted 
every  other  curative  intention.  The  obtuse  ach- 
ing setfsatiofi,  gefiefally  atteftdanf  on  these  in* 
dolent  tumors,  is  very  speedily  removed.  In 
(Bcrophulous  afre6li<H>s  of  the  neck^  it  has  beem 
found  very  hetteficieA. 

The  continental  pradlitiotiets  mention  some 
cites  of  its  utility  in  enlargements  of  the  pro- 
strate gland.  In  such  cases  I  have  never  made 
trial  of  ity  sinee  I  have  always  been  averse  to  the 
introduAiom  i>(  any  metaUic  subi^tdince  inftd  the 
iifethfa,  it  being  constantly  produfdtive  of  great 
uneasiness.  This  circumstance  has  not  escaped 
the  penetration  of  Mr.  Home,  from  whom  I  have 
learned,  that  he  has  observed  the  introduiflion 
of  a  silver  catheter,  to  be  invariably  produdlive  of 
mbrc  pain  than  a  much  larger  sized  catheter  of 
elastic  gum ;  aiid  that  he  is  persuaded  ^of  the 
existence  of  some  irritating  cause  in  metallic  sub- 
stances. 
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stances,  which  cannot  be  referred  entirely  to  thdr 
durity.  This  appears  to  be  the  case  with  metallic 
bougies,  which  are  always  more  distressing  to  the 
wearer  than  those  manufaiftured  from  elastic 
gum  *.  Since  the  discovery  of  the  universality 
of  the  principle  of  galvanism,  there  can  be  no 
doubt  but  that  the  introduftion  of  a  metallic 
substance,  which  is  never  free  from  an  alloy, 
constitutes  a  simple  galvanic  combination.  On 
this  principle  its  irritating  cause  is  easily  ex- 
plained. 


*  The  great  advantages  which  are  dedved  from  having 
tbne  ntuable  instrutnents  DoaDii&fliired  of  materialfl  possna- 
■ng  all  the  reqaisite  properties  of  pliability^andsmoothBCss,  md 

incapable,  nl  the  i:iuii:  tiraCj  of  bfiiij;  :n5t'd  on  by  the  aiiimai 
fluids,  have  occasioned  considerable  atlcDtion  to  be  bestowed 
on  the  chemical  airargement  of  elastic  gum,  the  substance 
the  best  calculated  for  siicb  a  purpose,  when  it  is  properly  pre- 
pared. The  bougies  thus  manufaduTcd  uDdergo  no  change, 
either  by  use  or  by  a  diversity  of  climate.  About  a  dtaat, 
consisting  of  all  the  different  sizes,  mill  coDscqucolly  suffice 
any  person  for  life.  They  are  admirably  calculated  fo^  the 
East  or  West  Indies,  where  slridures  in  the  canal  are  very 
prevalent.  To  this  process  I  have  devoted  many  years  atten- 
tion ;  and  have  now  ultimately  siKceeded  in  bestowing  mi  (he 
clastic  gum  so  even  and  smooth  a  surface,  as  to  make  it  con- 
stitute the  easiest  bougie  now  in  use.  These  bougies  may  b« 
had  in  proper  sets  at  No.  19,  Sobo-square,  London, 
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INFLUENCE  OP  GALVANISM  IN  CASES  OF  HENTAfr 

PERANGEMENT. 

So  few  are  the  means  we  possess  to  relieve 
those  who  unfortunately  labour  under  intellec- 
tual derangement,   that  whatever  presents  the 
faintest  prospedl  of  success,  claims  the  attentioa^ 
of  the  pradlitioner.     In  the  records  of  the  medi- . 
cal  application  of  galvanism,  two  remarkable  in- 
stances of  its  good  efFei6ls,  in  maniacal  casos,. 
Jiave  been  adduced  by  Aldini.     One  of  them, 
afforded  an  instance  of  a  gradual  diminution  of 
the  energies  of  the  mind,  which  ultimiately  sunk 
into  stupidity ;  and  in  the  other  case,  which  was 
of  a  diredlly  opposite  nature,  the  system  was  in. 
a  state  of  violent  excitement,  and  the  patient 
raving  and  unmanageable.  , 

Melancholy  madness  is  accompanied  by  aa 
universal  inadlivity ;  a  torpor  in  the  vascular  sys- 
tem ;  a  paleness  of  the  countenance ;  a  coldness 
of  the  extremities  ;  a  contradlion  and  shrinking 
of  the  skin,  over  the  whole  of  the  surface  of  the 
body ;  a  smallness  and  slowness  of  the  pulse ;  a 
want  of  appetite ;  a  deficiency  of  muscular  force ; 
and  a  sensation  of  languor  which  overspreads 
the  whole  of  the  frame.  / 

These  symptoms  are  the  efFe<9:s  of  the  im- 
pression on  the  mind^  whether  it  be  occasioned 

by 
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by  grief,  sorrow,  or  fear,  and  fully  demonstrate 
the  reciprocal  a£tion  and  re-atfiion  which  eiist 
between  the  corporeal  and  vital  parts.  My  veiy 
ingenious  friend  Mr.  Haslam,  in  his  observa- 
tions  on  inMnity,  has,  with  a  certain  share  of 
humour,  ridiculed  the  idea  of  a  disease  of  the 
mind.  The  great  upporturtities  he  has  had  to 
esaitime  all  the  varieties  of  mental  derangemeiitf 
Mid  the  corre<£t  descriptions  he  has  given  of  tbeni| 
persaade  me,  notwithstanding,  that  he  must  be 
convinced  of  the  actions  of  the  vital  principle 
being  deranged  in  these  diseases. 

Hie  opinions  of  the  above  physit^ogist  border 
on  materialism.  He  supposes,  mth  Pbibstlbt, 
that  matter  may  be  so  arranged  and  organised 
as  to  be  able  to  think.  This  persaasion,  accord-^' 
ing  to  him,  derives  some  support  from  the  disp- 
ensed appearances  of  the  brain ;  and  to  organic 
afT'eflions  of  this  nature  he  ascribes  the  tncor- 
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suppose  that  matter  should,  by  any  state  of  exility, 
be  capable  of  simple  sensation,  would  be  as  dilSi- 
cult  as  to  conceive  that  mites  are  the  result  of  a 
fortuitous  arrangement  of  caseous  particles ;  or 
that  the  elephant  is  the  chance  offspring  of  the 
wood  he  inhabits. 

In  cases  of  mental  derangement  originating 
from  the  passions  of  grief,  sorrow,'  6r  religious 
fear,  and  in  which  the  system  has  sunk  into 
apathy  and  dulness,  the  stimulus  of  galvanism 
affords  some  prospe6l  of  success,  more  especially 
if  the  patient  be  not  advanced  in  years.  It  is  in 
general  supposed,  that  deranged  persons  require 
the  a<Sion  of  more  powerful  stimuli  on  their  re- 
spedive  organs,  than  persons  in  a  state  of  sanity. 
Mr.  Haslam  has  however  proved,  that  a  difference 
is  not  requisite  in  the  doses  of  medicines  admini- 
stered to  them  ;  although  it  has  been  usually 
remarked,  that  they  suffer  less  from  operations 
performed  upon  them  than  other  individuals. 

In  one  of  the  cases  Aldini  has  described,  he 
employed  a  pile  consisting  of  eighty  pairs  of 
silver  and  zinc  plates.  Its  application  was  di- 
ret^d  through  the  upper  part  of  the  head,  one 
of  the  hands  being  placed  in  a  glass  of  salt  and 
water.  At  the  end  of  two  or  three  days,  the 
patietit  smiled,  as  if  to  denote  that  the  sensation 
was  pleasurable.  After  a  few  days  had  elapsed 
the  head  was  shaved  above  the  frontal  sutures, 

and 
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and  moistened  with  salt  and  water.  The  gat- 
vanism  having  been  diretfted  for  several  days 
through  this  part,  in  a  little  time  the  patient  tct 
covered. 

From  the  effeifts  I  have  noticed,  in  the  appli- 
cation of  galvanism  to  the  brain,  I  should  not 
be  inducpd  to  employ,  at  the  commencement, 
such  a  series  of  plates  as  the-nbove.  It  is  better 
to  be  slow  and  gradual  in  augmenting  their  num- 
ber, than  to  subjeft  the  brain  to  too  violent  an 
3i5tion. 

In  the  species  of  delirium  which  is  termed 
hypochondriasis,  in  which  a  number  of  symp- 
toms, evincing  a  deranged  state  of  bodily  health, 
occur,  before  any  alienation  of  reason  take* 
place,  the  stimulus  of  galvanism  promises  con- 
siderable success.  The  symptoms  indicate  a  dis- 
ordered state  of  the  stomach  and  intestines; 
flatulency ;  a  sensation  of  suffocation ;  and  ap 
acidity,  connecled  in  general  with  a  costive  habiU 
In  this  case  gentle  shocks  of  galvanism,  sent 
through  the  stomach  and  diaphragm,  may  tend 
to  correal  these  morbid  actions  *. 


*  A  case  of  hydrophobia,  which  consists  of  derangement  of 
the  intcUefinal  powerSj  occasioned  by  the  application  of  poison, 
was  completely  cored  by  powerful  shocks  of  galvanism  sent 
through  the  head.  The  mind  is  surprisingly  influenced  by  thi» 
principle,  wlien  diiefled  through  (he  brain.  The  sensation ii 
peculiar,  and  cannot  be  imitated  by  elediicity. 

In 
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In  the  distressing  complaints  to  which  females 
are  so  very  subje6l,  and  which  are  usually  termed 
nervous  headachs,  attended  by  a  violent  op- 
pressive sensation  over  the  eyes,  together  with 
nausea,  and  an  almost  entire  inability  of  mo- 
tion, I  have  derived  the  greatest  advantage  from 
the  employment  of  galvanism,  by  directing  the 
power  of  about  a  dozen  plates  through  the  tem- 
ples. 

In  a  case  of  ideotical  derangement,  of  nearly 
ten  years  standing,  originating  from  a  suppressed 
mercurial  adion,  I  tried  the  efFe6l  of  powerful 
shocks  through  the  brain,  for  some  weeks,  with- 
out observing  any  particular  advantage. 

EFFECTS  OP  GALVANISM  IN  CASES  OF  SUSPENDED 

ANIMATION. 

When  the  extraordinary  influence  of  the  prin- 
ciple of  galvanism,  on  the  muscular  fibres  of 
dead  animals,  was  first  observed,  it  was  natural 
to  expe6l  that  great  advantages  would  result  from 
its  employment  in  those  particular  cases  in  which 
life  is  not  extinguished,  but  its  influence  on  the 
animal  organization  merely  suspended. 

The  divided  part  of  an  animal,  when  cut  off 
from  the  sources  which  might  be  deemed  ab- 
solutely requisite  to  the  support   of  its  living 
energies,  still  evinces  manifest  signs  of  the  exist- 
ence 
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ence  of  a  vital  principle,  when  rouied  into  aSdots 
by  palvanism  *. 

The  muscular  contrafiions  induced  by  the  ia- 
fluence  of  a  email  portion  of  electricity,  were 
strongly  manifested  in  the  experimMit  whi<A  led 
Galtani  to  his  important  discovery.  11m  is 
represented  in  Plate  VIII.  in  which  A  B  is  a 
plate  electrical  machine;  C  the  prime  conduAor; 
D  a  brass  bait  held  at  a  distance  of  two  or  three 
inches  from  the  prime'  condu<9or  by  an  assistant; 
W  the  experimenter,  with  a  prepared  firog,  E, 


*  In  the  plate  at  (he  coinmencemeht  of  Ibe  fint  Totame,  u 
ivpiTsentcd  (he  hend  of  an  ox  (brown  into  convnluve  modflni 
by  the  influence  of  mx  galvanic  batteries.  Wben  the  head  » 
warm,  and  h.is  not  been  long  acparaicd  from  the  bod)'  of  tbe 
animal,  (he  coiivuliive  anions  are  very  considerable.  Tbe 
eyes  ofien  spoDtaner)u»ly,  and  tbe  pupils  becoirf  dilated.  The 
cars  and  horns  move  « iih  a  considerable  force  ;  and  when  tho 
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flh  a  plaW,  and  tduching  the  muscles  with  a  dis- 
seising knife.  As  often  as  a  spjrrk  passes  from 
C  id  D,  the  muscles  of  the  frog  are  thrown  into 
a6lion,  even  at  a  distance  of  two  or  three  feet 
from  the  machine,  with  which  it  is  perftdlly  dis-* 
connected;  ,  ' 

In  the  living  dnimal^  when  the  muscles  ard 
under  the  controul  of  the  will,  the  cantra6lions 
are  very  feeble,  when  compared  with  those 
which  are  produced  on  t^is  connexion  being 
destroyed; 

Aloini  errarleously  supposed  that  the  heart, 
in  dommon  with  all  the  involuntary  muscles,  is 
not  susceptible  of  the  galvanic  influence.  Nts- 
*KN  has,  on  tl^  contrary,  asserted  that  the  heart 
]:etains  this  faculty  longer  than  any  other  muscle^ 
"The  observations  of*  Aie  latter  of  these  natiiralists 
carry  with  them  such  an  ^ir  of  suspicion,  re- 
latively to  the  accuracy  of  his  experiments,  as 
to  merit^very  little  attention.  Vassalli-EanI)! 
remarks,  that  when  the'heaft  is  adled  upon  with- 
in thirty  orrforty  minutes  after  death,  the  con- 
tradlions  -  are  evidently  perceived.'  Humholdt 
and  Gaap£N61£ss£R  have  related  instances  of  the 

* 

intestines  being  a6led  upon  by  galvanism^;  and 
ihy  friend  Mr.  Carpue  has  assured  me^that,  con- 
jointly with  Dr.  Pearson,  he  has  produced  sinu-^ 
lar  efFedis  upon  the  alimentary  canaL 

YoL.  If.  H  h  When 


* 
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When  life  is  suspended*,  and  the  principle 
of  irritabilitv  not  destroyed,  the  stimulus  ot" 
galvanism,  iT  prudently  employed,  may  rouse 
the  dormant  energies  of  vitality,  and  restore  the 
System  to  its  naturalTy  atSive  state.  Ftwtunately, 
hi  most  ca'ie?  of  asphyxia,  the  principle  of  irri- 
tability is  not  in  any  degree  lessened.  An  ani- 
mal, whether  drowned  in  water  or  in  hydrogen 
gas,  exhibits  nearly  the  same  symptoms.  Whai 
exposed  to  either  of  these  media,  the  pulse  soon 
becomes  weak  and  frequent ;  tlic  anima!  feels  at 
the  breast  an  anxiety  which  it  struggles  to  re- 
lieve; and  these  difficulties  increase  until  it  falls 
.^owii  without  sense  or  motion. 


*  My  Iciirntd  friend,  Professo^CoLBsus,  in  ilic  intrn- 
^udion  to  Ills  Dissertation  on  Suspeni^d  Animation,  deema  the 
etpreasion,  suspension  qfalift,-  as  not  physiologically  coirefl, 
and  has  substituted  the  term  ntspvnded  respWatitm.  It  appcan 
to  Ine,  that  there  arc  greater  objeSions  lo  this  latte^tcFm  tba« 
*  to  the  former.  Id  that  particulaf  state  of  the  system  ia  wticb 
all  the  animal  fundions  are  quiescent,  not  only  the  respiration, 
but  also  the  circulation  and  all  the  secrf  tions  are  inadivc.  TTie 
change  jjidiiced  is  better  espressed  by  the  general  t^m  of  svs- 
fend'd  animation,  than  by  particidavizing  the  suspeasioB  ef 
one  or^a  only.  The  term  svipension  cannot  inipfy  either 
abolition,  or  tptal  destru&ion ;  and  hence,  in  cases  ia  which 
tfee  powers  of  life  arc  not  destroyed,  bul  merely  dormant,  the 
•»*<!  suspension  very  clearly  e)L]^res»e*  ibat  partieoliiT  state  (rf 
the  anim:il  fiKidiwis. 

•         Br. 


» 
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Dr.  Priestley  observes,,  that  hydrogen  gai 
kills  animals  as  soon  as  carbonic  acid  gas ;  but 
Ihis  has  been  found  not  to  bel  the  case.  Scheele 
Was  enabled  to  niake  20  inspiratioris  of  hydrdgeri 
^s  without  rriuch  inconvenience  ;  and  I  have 
hiyself  freqdently  made  riirie  or  ten.  Dr.  Bed- 
i>OEs  states,  that  d  rabbit  which  had  been^im- 
hiersed  in  hydrogeil  gas  for  the-  spade  of  seveii 
hiinutes;  was  afterwards  recovered.  In  hych-o^ 
fcarbdrijite  gas,  one  of  the^^  animnls  w^s  quite  dead 
in  one  minute  and  a  half;  in  carbonic  acid  gasl 
anotH^^r  was  per(e6i\f  irrecoverable  after  one  mi- 
hute  and  a  quarter.  The  noxious  airs  to  whicH 
ive  are  jfrinci pally  expdsed,  sire  the  carbonic  acidb 
jgaSf  cdhstitutirig  the  choke-damp,  arid  h^'drogeri 
gas,  which,  in  rhinesj  is  usually  tferrfied  wild-fire. 
The  silspensiori  of  vitality;  by  immersion  in  either 
bf»  these  gases,  of  in  water,  in  ho  degree  di- 
minishes the  irritability  of  the  mttsculstr  fibre; 
It  13  not; .  however,  the  mere  excitement  of  the 
iriuscular  system^  with  a  view  to  the  renewal  of 
its  ia<9Lioi1,  that  will  si^Rce  for  restoration ;  its 
femploymetit  must  be  combined  vvith  other  peans. 

Struve,  in  his  Pracftrcal  Essay,*  observes  that 
fele<3ric!ty  ought  nOt,  in  cases  of  suspended  ani- 
fnation,  to  be  resorted  to  without  a  mature  con- 
feideratiori  ;  but  his  diredions  are  not  founded  on 
good  philosophical  principles.  Professor  Cole- 
man ascribes  the  Suspension  of  life  to  a  collapse 

H  h  2  in 
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in  the  lungs,  by  which^  he  says,  a  mechanical  ob- 
struftion  in  the  interior  pulmonary  vessels  takes 
place,  with  a  want  of  latent  fire  in  the  blood. 
Thfs  Crawfordian  dodtrine  of  the  evolutions  of 
heat,  I  liave  already  examined.  Upon  this  idea 
tile  ingenious  Professor  observes,  that  the  indis- 
criiyinate  elei^rificatjon  of  every  part  of  the  body 
is  more  injurious  than  btnefioial ;  and  that  more 
especially,  by  an  attempt  to  stimulate  the  heart, 
Dvhile  a  collapse  of  the  air-cells  exists  as  a  cause 
which  must  impede  its  ai51ion,  its  irritability 
would  be  destroyed,  and  no  efficient  a<5iion  pro- 
duced. It  is  well  known,  that  in  proportion  as 
^he  muscular  libres  are  in  action,  so  the  irrita- 
bility diminishes.  Thus,  in  a  prepared  frog,  ex- 
posed to  n  povvcrfnl  galvanic  apparatus,  the  nius- 
c!e#soon  become  rigid,  and  incapable  of  a6iion. 
Upon  this  very  rational  principle,  the  Profespor 
recommends  the  previous  expansion  of  the  lungs. 
The  heart  being  now  afled  on,  beneficial  eft"e6l» 
'may  be  expe^ed  to  result. 

In  cases  of  suspended  animation,  whether  from 
drowning,  hanging,  or  exposure  to  noxious  gases, 
the  bdtly  should  be  divested  of  its  cloathing,  and 
placed  in  a  warm  bed,  nearly  approaching  to  the 
natural  temperature.  If  it  can  be  procured,  air 
with  an  increased  proportion  of  oxygen  should  be  . 
introduced  into  the  lungs  ;  and,  at  the  same  in- 
stant, vt;y  gentle  galvanic  shocks  should  be  sent 
through 
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through  the  body,  in  such  a  direAion  as  to  in- 
fluence the  heart.  By  combining  this  principle 
with  the  other  usual  means,  the  most  advanta- 
geous efFedls  may  be  expelled.  In  the  case  of 
FoRSTER,  five  or  six  hours  after  his  execution, 
such  actions  were  produced  by  the  galvanic  appa- 
ratus, as  to  lead  the  practitioners  who  were  pre- 
sent, to  suppose  tha*t,  at  this  late  period  even,  a 
recovery  might,  by  perseverance,  have  ensued. 
The  general  idea  that,  in  cases  of  hanging,  the 
vertebrae  are  dislocated,  is  erroneous.  Very  few 
instances  have  occurred  of  any  organic  derange- 
ment ;  insomuch,  that  whether  the  death  be 
occasioned  by  hanging  or  drowning,  the  cause  is 
the  same. 

I  have  constantly  entertained* a  persuasion,  that 
complete  death  takes  place  from  the  arteries 
beinfg  emptied  of  their  contents.  In  the  last 
convulsive  agonies,  those  arterial  terminations, 
which  do  not  admit  the  passage  of  red  blood, 
having  lost  their  resisting  power,  suffer  the  whole 
of  the  blood  to  be  emptied  into  the  venous  sys- 
tem. In  this  way  the  energy  of  every  part  of 
the  body  is  destroyed. 

Having  thus  considered  the  principle  of  gal- 
vanism in  its  operations  upon  animate  and 
inanimate  matter,  I  presume  that  this  subject 
will  be  deemed  worthy  of  our  most  serious  atten- 
tion.    It  enables  us  to  refer  to  the  same  cause 
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niany  beautiful  phenomena  in  Nature  ;  and  is  an 
additional  argument  in  proof  of  the  simplicity  by 
which  all  her  processes  art;  efFecied.  The  disco- 
very of  this  principle  hat  contributed  to  remove, 
in  a  ceitani  degree,  the  veil  which  has  hitherto 
prevented  us  from  cumprehending  a  variety  of 
chang':s  in  the  material  world. 
1  On  a  supposition  that  gafvanism  is  the  inter- 
i;  mediate  principle  between  matter  and  spirit,  I 
icantiot,  I  must  confess,  conceive  the  mode  in 
Iwhich  the  agency  is  effecled.  To  comprehend 
the  essence  of  our  own  animatien,  requires  the 
powers  of  a  principle  suptrior  to  that  which  we 
possess.  Infinite  as  I  regard  the  difference  be- 
tween common  matter  and  our  vital  principle, 
still  \vc  may  suppose  another  infinitude,  between 
pur  spring  of  life  and  that  source  which  <omprei 
hends  all. 

Clnippe  baud  taoi  locuples  hiec,  tatnque  Immcnsa,  juppelkii 
*  Corporis  ill  cellis  potent  stipata  teueri,  ^ 

Aut  vi  corporeS  revocati  in  lominis  oras, 
Quxiiain  istbxc :  nisi  vis  divinior,  setberisque 
Sensus,  ct  aiBalu  coelesti  conclta  virtus  ?  * 

f  Isaac  H.  BkownEj  de  Acimi  Imcnoitaiitate, 
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SINCE  Chapter  XXXI.  relative  to  the  li- 
saltation  of  charges,  as  observed  in  a  series. of. 
very  small  plates,  has  been  printed  off,  I  have 
made  v^ous  experiipients  on  batteries  consisting 
of  plates  of  different  sizes,  and  have  observed 
that,  with  those  of  the  larger  size,  there  are  cer- 
tain limits ;  insomuch  that,  in  continuing  the 
deflagrating  operation,  numbers  are  to  be  con- 
sulted. 

In  a  battery  conasting  of  fifty  plates,  each 
measuring  eight  inches  on  one  of  its  sides,  and 
in  which,  consequently^  the  area  of  the  whole  of 
the  zinc  surface  exposed  is  equal  to  3200  square 
inches,  the  frst  ^e<9:  upon  a  piece  of  fiAe  wire 
is  in  the  ratio  of  the  surface.  The  second  eflfe<&^ 
if  qujpldy  repeated,  is  considerably  weaker  ;  and 
its  powers  diminish  rapidly.  If  the  battery  be 
left  fOT  about  ten  minutes,  it  will  then  acciftnu- 
late  nearly  the  same  powers. 

If  two  metallic  condij6lor&  are  brought  into 
conta<9:,  ^r  a  moment,  a  fine  wire  applied  imme- 
.  diately  afterwards  will  not  be  deflagrated.  Gold- 
leaf  itself  will  be  but  fahitly  scintillated. 

If  such  a  surface  be  employed^  by  the  meailB 
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of  four-inch  plates,  it  will  require  two  hundred 
of  them,  to  be  equal  to  the  battery  aboie  de- 
scribed. Although  the  surfaces  are  equal,  the 
deflagrating  etFeds  are  jnore  uniformly  preserved 
in  the  latter  battery. 

From  this  remarkable  circumstance  it  would 
appear,  that  the  galvanic  operation  is  not  pro* 
portionally  active  in  large  plates  as  in  small  ones. 
We  may  hence  deduce,  that  it  is  not  necessary, 
for  any  experiment  whatever,  to. employ  larger 
plates  than  those  of  four  inches  ;  and  that  it  is 
expedient,  accordini  to  the  effe&s  we  wish,  to 
consult  numbers.  Fqr  continual  brilliant  defla- 
grations, 300  four-inch  plates  will  suffice. 

In  using  the  .batteries,  great  care-  should  be 
taken  that  the  same  kind  of  mixture,  in  charging 
the  battery,  be  employeiJ.  '  If  diluted  sulphuric' 
acid  be  once  used,  the  eiFeifl  of  muriatic  acid  af- 
terwar(^  will  be  considerably  le^e  than  if  the  lat- 
t^  acid  had  been  first  employed. 
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Sec  also  I'eloiib/. 
C/taitt,  gal»anic :  cApcriments  with  a  chait<  formed  of  per- 
sons, -  -  i.  3i 
Cflmnninicntidn  furmcd  of  ihc  h:md«  of  the  operator,  i.         3i 
effefls   of   itilfirriit    modiiicaiians   and    circunistaTices 

of  the  galvanic  chain,  upon  the  fluid,  i.  349-360 

means  to  augment  the  efftd  of  different  chains,  1.  sOO 

Ckapekt  de  td^set,  3  peculiar  apparatus  of  BhuoMatelli, 

described,  -  -  ii.  13c( 

Charcoal,  its  power  as  a  conduftor  of  eleiSriclty,  1,  62,  03, 327   ^ 
most  powerful  when  recently  made,  i.  32J)' 

as  a  galtanie  conduftor,  -  ii.  84, 183. 1S4,32(> 

its  condnf.ting  power  equal  both  in  eJeflriciiy  and  gal- 
vanism, -  -  -  ii:  330 
its  different  capacity,  as  a  conduftor  of  deftricity  or 

ottierwise,  inanenlireandinapowderfcd  state,  ii.     217 
(nethod  of  preparing  the  best  charcoal,         -       ii.  330 

attentions  in  I  lie  piocess,  and  choice  of  woods,  ii.  331 

proportions  of  charcoal  combined  in  tenous,    and  in 

aricriw!,  blooJ,  -  -  ii.  330 

See  also  l^ood. 
Ck?micnl  vd'slatices,  observations  of  VtKff  relative   to 

tl;eir  cfffft  as  members  of  the  galvanic  chain,  i.       330 
yChemUlry  ;  discoveries  to  wbich  g.ilvaiilsm  Iras  given,  and 

Qiay  give,  rise  in,  -  ii;  15*,  394-293 


«     « 
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—  powerful  efFed  of  galTanism  as  a  chemical, 

agent,  -  -  (note)  ii.  394 

Coatings,  defiaed,  -      ^  -        .     (note)  i.  198 

experiments  of  M.  Valli/od  the  influence  and  ef&ds 

of  metallic  coatings,  -  i.  28 

effects  of  the  commiihication  between  an  armed  and  an 

unarmed  nerve,  -         •       -  i.  35 

•   a  nerve  armed  at  different  intervals  of  the  mus- 
cle, -  -  -  i.  31 
the  coating  applied  to  the  tunics  of  the  nerves,  i.            45 
coatings  of  the  muscle,            -            -            i.            4d 
remark  on  the  application  of  coating  to  the  nerves^ 

observations  of  Reic^hold  respeding  the  application 
«    and  comparative  efficacy  of  coatings  in  gene- 
ral, -  I     -  -  i.  203,204 
of  homogeneoi^s  coatings,                -                i.  204, 205 
this  last  8ubje£t  treated  by  Humboldt^       i.  272,273 
contradions  of  the  muscles  produced  by  coatings  of 
«     the  nerves  only,                -                -  i.  212,213 
of  the  muscles^only,             -                -  i*  213' 
by  coatings  added  to  nooist  condudors  contiguous 
\           to  the  animal,                «            -^              i.       '  214 
different  states  of  the  coatings,  in  different  cases, 
in  this  experiment,            «            -           i.  215 
'    discovery  by  Humboldt  residing  the  coatings  of  the 
^          nerve  and  muscle,            -                -            i.  274 
uses  and  advantages  of  metallic  coatings  to  eledtric  jars, 

explained,  -  -  ii.         2^ 

See  also  Metals. 
Cold-Hooded  animals  -,  conrukions  excited  in,  by  the  in^ 
£iuence  of  warm-blooded  animals,   by  Al0ini, 

*       .  i.  391,394 

'Combinations i  tif  metak  in  the  construdion  of  the  Vol-* 

*    taic  pile,  -  -  •        ii.     97f  100 

simple  galvanic  combinations,  -  !i.  300-306 

theory  di  galvanic  combinations,  -  .  ii.  320 

combinati^KiB  produced  by  animal  substances,      ii.  333-342 

Condenser  \  application  of,  to  the  eledtroscope,         ii.  344 

ConduSlors,  observations  respei^ing  the  power  of  different 

substances  asy  -  -  i.      €2, 63 

tiiose  of  silver  recommended  by  VallI  as  jnost  power- 

ful,%  -  ^    -  -  L  38 

cffed  of  a  ooteringtof  mercury  on  a  metalEc  con« 
•duaor,  *  *   *     ,  ^  i,  74 

^^  •  *-*obscr- 


• 


•~  obx^vitioni  of  Hovboldt  mpedinif  ao 
uiKoiuid  jiir-ce  of  flrih  mijiioyed  as  a  cod- 
dui'i'ir,  BocI  impci'ting  the  employment  of 
didercLit  i'.exhy  pnrt«,  -  i.      .    , 

living  IxMlicH  not  sufficient  cooduflon  ^thout   arm- 
ing, -  -  ■      -  i. 

impcrie&laa  of  the  human  body  as  a  condudor, 
ii.  315,  36:  . 

Biiulirooms  ascertained  by  Huhboldt  to  be  perfed 
conduftors,  -  .-  i.     ■ 

influence  of  charcoal  as  a  coiiduAor:  (Sec  Charcoal), 

of  minerals,  -  -  ii, 

of  the  Lydian  stone,  -  -  iL 

proporiionate  condiidlng  pow^  of  water,  and  tn<  taUic 

bodies,  -•  -t  -  ii. 

an  substances  pervaded  with  carbon,  become  galvanic 
condudors,  ■-  -  ii.  329,331, 

all  snbsiances,  condudors  of  eledridty,  likewise  con- 
dna^rs  of  galvanism,  -.  ii.        . 

condu&ors,  and  tion-cuududors,  *-  ii. 

table  of,  ■  -  -  -         ii. 

effects  of  different  changes  suBered   by  conducting 
bodies,  -  -  -  ii. 

by  metallic  substances,  -  ti. 

1^  water,  -  .  •  -  ii.  ai6, 

l^  wood,  -  -  -  ii. 


General  rcmarlts  respcdiog  conduflors,  by  M.  Vai.li, 


INDEX. 
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—  conclusion  from  the  combinationsy  i.  logp 

simple  cases  of  connexion,  -  i^  110 

two  different  dry  condudors  in  ,contaif>,  applied  on      '■  ' 
the  other  side  to  ^moist  ones,  -  i.  110 

a  metal  between  two  different  inmt  condndors,  i .         ill' 
experiment,  and  inference,  -  i.  112,il3 

cLissification  of  moffif  condu6h>rs,  -  i.  11^' 

ordinal  arrangement,  relative  to  their  proportional 
power,  -  -  -  i.  114 

comparative  fitness  of  difierent  metals,  in  their  applb- 

cation  between  these  conduiStors,  i.  115 

case  of  a  bow,  consisting  of  •ne  metal,  touching  with 

both  its  ends  the  same  species  of  fluid,  i.  lid ' 

experiment,  -  -  i.  117 

substances  proper  for  comparative  experiments  of  this 

kind,  -  -  i.  118 

metals  proper  to  be  used,  *  i.  1  ig 

superior  advantages  of  tin,  -  i.  120 

fluids  best  adapted  to  be  applied  to  it,  i.  120 

experiment  with  two  metals  of  a  different  kind,  and 

a  fluid,  -  .     -  -  i.  121 

manner  of  exciting  the  eleftric  fluid,  by  a  circle  of 

three  different  moist  condudtors,         -  i.  122 

experiment,  -  -  i.  123 

conclusion,    importance  of  condu6tors  in  the  theory 

of  galvanic  operations,  -  i.  124 

sidditions  to   these  observations:    experiments  by  the 

assistance  of  Nicholson*s  doubler,  i.  125-132 

conclusion :  the  mutual  conta6l  of  two  different 
metals,  the  essetiiial  cause  of  exciting  the  ele6tric 
fluid,  -  -  -  i.  133 

.  contradions  produced  by  coatings  added  to  moist  con- 

dudors  contiguous  to  the  animal,  f.  214,215 

experiments  with  various  fluid  condudors,  by  Rein- 
hoi^,  -  -  i.  217,218 
experiments  through  the  agenc)^  of  heat,  as  in  glass, 

ii.  218 

by  violent  pressure,  -  ii.  218,219 

diil'erent  states  of  electricity  exhibited  by  an  insulated 

condudor,  -  -  i.  249 

illustration,  -  -  i.  250 

Kespeding  the  condudors  employed  in  the  gal- 
vanic pile — See  Pile, 
Copper  (or  Brass)  leaf-,  deflagration  of,  by  the  galvanic 

battery,  -  -  ii.  393 

VOL.  II.  )  i  CORTAM*' 


£oBTAMBEHT,    bis  objections    to   the  theoiy  of 

Galvani,  -  -  i.       73-77 

Couronne  de  lasses;  construflion  of,  in  the  forraalioa  of 

the  ViJuic  battery,  -  U.  332 

Cramp,    flpplicatiou  uf  gaWaaista  to  tlie  relief  of  ibis 

affettion,  ■  -  -  ii.  456 

Cksvb,  his  discovery  on  metallic  initatiod,  t.  311 

Cbuickbhakk,  Mr.  his  experiments  and  inqoiries  ^Ih 

the  galvanic  pile,  -  -       ii.  52 

Cryjfa/i  (tiedric)  of  (ilver  described,  -         ii,  140 

of  liu,  brS9S,  and  steel,  -  -       ii.  141,  142 

ottrntiona  in  giraduciog  tliese  crysiallieations,      ii.  l4l 

CuviGB,  Professor}  report  on  galvaniim,  made  by  him  to 

tlie  Freuch  Naliunal  Insiitute,  ii,  1-15 


Davy,  Mr,   his  cbscn-nlions  ai 

galvanic  pile, 
Otafness,  application  of  galvaiiis 


id  experiments  willi  the 
n  in  the  cure  of. 


i.  422. 427, 
■137,  443 
1,432,433 
B.  449-434 
ii.  fi? 


mode  erf"  operation, 
in  ths  Alitor'*  pra^icc, 
^fifHompontiion  ot  conce^trrtH  sdlphuifc  acid, 

■'irfpureand  colourless  nitric  acid,  -  ii.  og 

of  water.     See  !Valer. 
H^fiagration  of  metals  :  of  gold-leaf,  -  li.  frl 

oilier  experiments  respecting  deflagration,  li,  65 

gold,  silver,  copper,  -  -  ii,  66 

lead,  tin,  zinc,  -  -  ii.  (J/ 

gold,  silver,  brass,  copper,  zinc,  tin,  ii.  134 

finely-drawn  metallic  wires,  -  it.  3y2 

finely-laminated  metals ;  gold-leaf,  silver-leaf,  cop- 
per (or  brass)  leaf,  tin-lisil,  -  ii.  392, 393 
this  operation  performed  in  a  vacuum,  ii.  394 
■    in  carbonic  acid  gas,                 -                -       ii.  394 
by  the  eleflrat  prwluced  in  the  galvanic  decomposi- 
tion of  water,                 -                 -               ii.           394 
on  quicksilver,                 -                 -                 ii.           395 
conjparative  influence  of  ekdricity  and  galvanism  in 
this  process,               -               -               ii.          3gi 
ZJifl/iftrff^m  of  a  dog,  experiment  on,                        i.  53 
of  horses,                 -                 -                 -       i.  60 
extreme  sensibility  of  this  membrane,         (note)  i.           I"6 
effufits  of  galvanism  upon,  io  warm-blooded  animals, 

i.  265 

DoutliT; 


VOL.        fXtt, 

Dmiblet',  ekperiments  mpcle  with,  relative  to  con- 
dudors^  and  their  influence  upon  tlie  con- 
nexion of  metals>  -  -         i.  125.-1321 
application  of,  to  the  el^flroscopci             -  ii.  345 
Drowned  animals,  experiments  oUi             -            i.  4g 
See  also  Suspended  Ardntation* 


JEggs :  theory  of  the  causes  prodilctng  the  discoldration 
of  silver  spoons  employed  in  the  ad  of  eating 
eggs,  -  -  -  ij,  323 

EleRricUy :  phenomenon  of  animal  ele&ricity  first  ob- 
served by  Galvani  during  an  eledrical  opera- 
tion, -  -  -  i.  6,f 
his  eledrical  experiment  on  this  subjcd,           i.  8 
his  application  of  the  dcdricity  of  lighttiing  to  thfc  mus- 
cular system,                 ^                -               i;  9 
electrical  tension  produced  by  different  metals/    il.      31,33 
conjedures  respcding  a  new  eJedro-motdr,        ii-.            35 
^  experiments  proving  the  effed  of  oxydation  in  the  pro- 

dudionof  eledricity,.  -  ii.  86-96,  120-125 

metallic  oxyds  produced  by  eledficity,  ii.  39O 

remarks  upon  condiidors  and  non-condudors :    (See 

ConduSiorsJ,  -  -  ii.  214 

positive  and  negative  eledrkities  not  two  distind  prin- 
ciples, -  -  -     ii.  220 
emission  of  positive  and  negative  signs  by  different 

substances,  on  excitement^  -  ii.  221 

dj^erent  capacities  of  substances  to  retain  the  ele6tric 

fluid,  *  -  i'u  222 

principle  of  the  admission  of  the  eledric  fluid  into  a 

non-eledric  body,  caused  by  attrition,         ii.  224, 226 
eledric  properties  of  glass  in  different  methods  of  ex- 
citement and  application,  -  ii.  226 
best  sort  of  amalgams,             -*               fhotej  ii,          231 
.  influence  of  eledricity  on  air,               -                ii.          233 
influence  of  points  on  eledricity,  explained,         ii.  246 
different  states  of  eledricity  exhibited  by  an  insulated 

condudor,  -  -  ii.  249 

illustration,  -  -  -     ii.  250 

illustration  of  the  quantities  of  the  eledric  fluid  con- 
tained by  cledrics,  -  (noiej  ii.  257 
theory  of  the  Leyden  phial,  -  ii.  259 
illustration,  .  .  «  ii.  261,263 
theory  of  spontaneous  discharges,  -  ii.  265 
uses  and  advantages  of  naetalliccoatiDgs,             ii.         26g 

I  i  2  •— •  theoj; 


-*- theory  of  dearie  phec 

cffcfls  of  the  resistance  which  bodiea  in  their  dif- 
ferent slates  fnrninh  to  heat,  -  ii.  373 
varying  state  of  ihe  atmosphere,          -             ii.  274 
influence  of  light  00   the  eleiSric  capacities  of  bo- 
dies,                -                -                 -           ii.  275 
produftion  of  various  atmospherical  meteors  :    (See 
MeteorsJ,                -                -                    ii.  2/6 
arraniement    of    eleflricily,    magnetism,    and    calo- 

nc.  '  -  -  -  ii.  283 

consequence,  -  -  ii.  283 

polarity  impartL-d  to  needles  by  cleftricily,  ii.  283 

phenoTtieaa  of  water-spouts,  -  ii.  285-289 

of  fairy-rings,  -  -       fnolcj  ii.  288 

of  ele^rical  animals,  -  -  11.  39^ 

Question  of  the  Connexion  nfthe  Galvanic  and  EleSiricai 

Principles. 

Their  identity  proved  by  M.  db  l^  Methibhe,       i.  61 

ebs^rvatioDs  of  M.  Bbrlimghibbi,  in  support  of  this 

opinion,  -  -  -      i.  7a 

pouiblo  objc^ons,  -  ~  >•  77 

e^Eiion  of  their  iilenlity  supported  by  Vassalli 

EAsm,  -  -  -  i,       so-88 

examined  by  Fowleu,  -  -     i.  130, 13? 

their  dissimilitude  proved  by  him,  i.  142,  143,  I60,  16J 

opinionof  Dr.  Wei-ls,  -  -  i.  163-165 

ihcir  identity  denied  by  Keinhold,  -  i.  25S 

by  Humboldt  and  CoRRADOBi,  i.  263,297,29a 

byFABRoHi,  -  -  i.  316 

their  analogy  asserted,  in  the  report  made  to  the  French 

National  Institnie,  by  M.  Halle,  i.  384 

doubted  in  a  subsequent  report,  by  Professor  Cu- 

VIER,  -  -  -  ii.  147 

asseried  by  the  theories  of  VoLTA,         -  ii.        9,24 

opinion  of  M.  Dumas,  -  ii.  187 

of  the  Author,  -  -  ii,  213 

review  of  different  theoiies  respefling  their  connexion  : 

theirsimilarity  nowgenerally acknowledged,  ii.  29O-292 
distinflion  which  may  be  admitted,  ii.  302 

identity  of  ilie  cJeftric  and  tlie  galvanic  fluid  proved 

by  Mr.  Nicholson,  -  ii.  50 

by  the  experiments  of  Vak  Mahum  and  Volta, 

ii.        112 

opinions  respeSing,  founded  on  the  experiments  of 
the  naturalists  of  Berlin,  -  ii.  132-134 

— Inlerencct 


INDEX. 

— ^Inferences  of  M.MANDUYT,relative  to  thedepend- 

ence  of  galvanic  operations  upon  eledricity,  i.  36 

theory  of  Volt  A  on  the  subjed,        -  i.       94,96 

comparative  trials  between  the  galvanic  and  eledric 
phenomena,  -  -  i.  380 

comparative  a6Vion  of  el^dricity  and  of  galvanism,  when 

applied  to  medicine,  i.  450,451,   ii.  442-447 

explanation  of  the  medical  action  of  elediricity  upon 

the  human  body,  -  -  i.  456 

phenomena  of  apoplexies  and  epilepsies,  compared  by 

Gal  van;  with  the  efFe6ts  of  eledricity,         i.  401 ,  403 
his  opinion  on  the  operation  of  ele6^ricity  as  a  re- 
medy, and  on  the  mode  of  administering  it^  i.  403, 404 
comparative  influence  of  ele6tricity  and  of* galvanism  in 

the  deflagration  of  metallic  substances,         ii.  391 

decomposition  of  water  by  ele6tricity,  ii.  380 

elucidated  in  its  decomposition  by  galvanism,  ii.  382 

analogy  of  the  stimulating  power  of  animal  to  that  of 

other  eledricity,  -    -  -  i.  26 

state  of  ele^ricity  in  an  animal  during  galvanic  opera- 

tionsj  -  -  -  i.  34 

efFe6t  of  the  application  of  eleftricity  to  an  animal  dur- 
ing galvanic  operations,  -    .  i.  ^4 
ijuantity  of  ele«Stric  fluid  put  in  motion  by  the  Voltaic 
apparatus,  larger  than  can  be  obtained  by  the  com- 
mon ele6tric  machines,                  -                ii.         -20 
See  also  the  articles.  Fluids,  Leyden  phial,  and  Torpedo, 
EleSiroscopes  and  eleSirometers  explained,                ii.          236 
e/e^ro?we/er  of  CuTHBERTsoN  described,             ii.          242 
the  eleSirophorus  txp\mncd,                -                 ii,          253 
^ gold-leaf  electroscope  of  Mr.  B  e n n  et,                  ii.  244,  313 
addition  of  the  galvanometer,             -              ii.          343 
of  the  condenser,                 -                 -             ii.          344 
illustrations,                 r                  -               ii.  345, 346 
Epidermis  j  experiments  by  Humboldt,  respeding  its 

effeds  as  a  part  of  the  galvanic  chain,  i.         277 

its  tendency  to  weaken  or  intercept  the  effedts  of  gal- 
vanism, -  -  -     i.  368, 371 
Epilepsies  ;  phenomena  of,  compared  by  Galvani 

with  the  efl'edts  of  eledricity ,  i.  401, 402 

Excitement ;  definition  and  classification  of,  by  Reim- 

HOLD,  -  -  -         i.  253 

galvanism    a  method    of  estimating   the    degree  of 

excitement  of  a  nerve  or  muscle,  i.  420 

excitement  produced  without  the  aid  of  metals,  ii.  333-343 
Sec  aUoIncit  ability, 

lis  Exciting 


.^iiting  arc.     See  jirc. 
^/>erimfn/*,curintisobsfrTa('onofVALLirespea- 

ing  llie  perfoimance  of,  -  -     i.  53 

UQuecesiuiry  cruelly  to  be  avoided  in  experiments  on 

atiimms,  -  -  -      i.  65 

obKrvaihiii  rcspefling  atlentions  necessafyin  perfbrm- 

ing  fxjjcrim«it»,  -  -  i-  373, 376 

particulsrly  when  made  for  the  purpose  of  fonniag  a 
theory,  -  -  i.         igo 

F 
FABROKt,  his  experiments  and  (rt»eT¥a(ions  respefling 

the  operation  of  metallic  &ubslances,  i.  313 

Foiry-rings,  annular  marks  cm  the  grass  so  called  ;  pro- 

diiL-ed  by  a  diicharge  of  electric  maUer,  fnelej  ii.     293 
Falling  stars.     See  SluMtiiig  stari, 
fieling ;  t  spcriments  respcding  the  infiuence  of   gal- 

vanismon,  .  .  i.  223 

Feet  of  several  animaU}    peculiarities  of,    in  galvarac 

Filres  i  the  existence  ofa  eensible  and  irritable  one,  neces- 
sary to  produce  in  animah  the  galvanic  pbcno- 
man,  -  -   -  \.  23& 

TMolt  of  the  experiments  of  HoMSOtOT  lo  Bscerlain 

llie  oLi-Ifnce  of  ^rniible  f'lrei  in  llie  tendons  and 

ligaments,  -  -  -  i.  27Q 

efft-a  of  a  diviMon  of  ihe  sensible  fibres,  i.  287 

Fire-lalis;  production  of,  dependent  on  elcaricity,  it.  273 

Fiihcs,  eiTft^s  of  galvanism  on,  -  i.  29I 

experiments  un  tbc  hearts  of  fishes,  -  i.  304 

■     strudureof  llieirgiili,  -  -  li.  434 

of  the  iiir-blfldder,  -  -  ii.  435 

Fksk;  obberv;itlons  of  Humboldt  respeding  the  employ - 

nitnt  of  different  pieces  of,  as  condudors,    i.  27  [,27^ 
Fluids:  considerations  on  ibe  nature  of  the  ^a/uanf'c_fl((id, 

hyRKiNHOLn,  -  -  i.  253 

inquiry  whether  properly  iniilled^uiif,  i.  254 

whether  it  U  secreted  in  the  animal,  i.  255 

conclusion  tespefiing  its  nature,  -  i,  25S 

his  division  of  the  liypoilicses  of  different  authors  re- 
specting the  galvanic  fluid,  -  i.  253,259 
(he  galvanic  fluid  analogous,  but  net  identical,  with 
magnetism  aud    ekilricity';    asserted  by  Hom- 
BOLOT,                       -                       -  i.  26i 
his  funiier  remarks  rcspefling  g.ilvanic  fluid,    i.  2lS6 
idea  of  the  nature  of  the  galvanic  principle,  and  its 
analogy  with  cleflricity,  lieduced  from  his  experi- 
ments,                   .                     .                  i.  383,384 
-T  theor/ 


INDEX. 

VOt.  PACK 

—  theory  oF  Lehot  respe6ting  the  nature  and 

currents  of  the  galvanic  fluid>  i.  340-302 

fads  and  inferences  relative  to  the  operation  of  the  gal- 
vanic fluid  by  Aldini,  -  i.  388,389 
theory   of  Dr.  Priestley,  respeding    the   galvanic 

fluid,  -  -  -  ii.  77 

rapidity  of  the  galvanic  current,         ii.  113-1 18,  (noiej  3gi 

and  Rho  of  the  nervous  Jluid,  -  1.281,^82 

experiments,  -  -  ii.  IIQ 

identity  of  the  nervous  and  the  eleBric  fluid  proved 

by  experiments,  -  i.       44,77 

denied  by  Cortambbrt,  -  i.  77 

chemical  observations  of  Brugnatelli  on  the  nature 

of  the  elediric  fluid,  -  ii.  136-145 

efle6ts  of  the  employment  of  different  fluids  in  the  com- 
position of  the  Voltaic  pile.     See  Pile, 
FoNTANA,  several  experiments  by,  -  i.  60 

Fowler,  his  experiments  and  observations,  i.  134-160 

Frogs  :  these  animals  peculiarly  adapted  for  galvanic  ex- 
periments, -  -  i.  292 
extreme  sensibility  of  their  muscular  fibres  to  the  in- 
fluence of  el  edricity,                -                  ii.  313,31^ 
periods  of  their  greatest  susceptibility,                   i.          383i 
species  of  them  more  particularly  subjeded  to  experi- 
ments,                -                      -                    i.  199 
methods  of  preparing  them,                   i.  200,  ii.  (note)  303 
time  which  they  are  able  to  support  galvanic  opera- 
tions,                -                -                 i.  38, 39, 206, 20^ 
experiments  to  revive  some  killed  by  asphyxy,     i.  5Q 
causes  of  variety  in  the  results  of  experiments  made 

upon  these  animals,  -  i.  9^ 

Fungi,  observations  on  their  galvanic  properties,    ii.  339,  34Q 
See  also  Mushrooms, 


Galvanj,  8uccin6t  account  of  his  life,  i.  4 

the  incident  which  led  him  to  the  discovery  of  gal- 
vanism, -  -  i,  6 
his  experiments,                 -                 -                  i.         7-27 
bis  hypothesis,                 -                     -              ^  i.       12,  "13 
Galvanometer,  description  of,                 -                 ii.          343 
Cas)  observations  respecting  the  produdion  of,  in  expe- 
riments with  the  galvanic  pile,         -          S»47j^^  ^^ 
in  the  decomposition  of  water,            -            u«           51 
other  experiments  on  the  subjed;,           *>        ii.           ^2 
conclusions,               -                  •              it.    '      58 

li4  •-^fiirthcr 


■  !—  fiirthi-r  eiperiments  respeiling  the  prododion 

of  gas,  -  -  ii.  81,102.  Ul 

by  the  communication  of  the  two  extremities  of  the 

galvanic  pile  witi!  water,  -  ii.  14g 

hypotheses  in  explartatioD  of  this  phenomenon,  ii.  150 

inquiries  whether  die  galvanic  influence  can  be  trans- 

milled  tjirongh  the  gases,  -  ii.  7O 

gases  producedfrom  different  chemical  miKtiires,  ii.       71>73 
Glusi  ;  its  capacity,  in  diRerent  states,  as  a  condudor  of 

tlearidty,  01  otherwise,  -  ii.  213,331 

i($  eleflrical  properties  in  different  mclhodi  of  escitc- 

meat  and  application,  -  11.23(5-131 

best  sort  of  amalgams,  -  fnotej  'H,  231 

its  cffeft  on  the  passage  of  the  eleflric  fluid,  1.  74 

qtieatioo  of  lis  penneabilit)'  by  clec"lritity,  (note)  ii.  259 

permeable,  when  thorouglily  hejled,  by  aoimai  elec- 

triciiy,  -  -  i.  57 

theory  oi  the  Leyden  pbial,  and  of  elearicaljars,  ii.  259-268 
uses  and  ai.1  vantages  ot"  metallic  coatings,  ii.  2^-272 

Gold-leaf  i  deflagration  of,  by  die  galvanic  pile  and  bat- 
tery, -  ii.  04,66.  134, 3g2 
GKArEicGiBMZB,  Dr.  his  work  on  the  application  of  gai- 

vanism  to  medicine,  -  i.  423 

Gutla  sercva,    application    of   galvanism    in    the    cure 

of,  -  -  i.  427,  -43], -152,   ii.  4:5 

Gymnolus,  eleStical  properties  of,  -  it.  397 

H 

Haldane,  Colonel;  his  experiments  and  inqn  tries  with 

the  galvanic  pile,  -  -  ii.  96 

Halle,  ^1.   his  Itcporl   to  the  French  National   Insti- 
tute, -  -  i.  363 
iKelhod  of  exciting  the  galvanic  plicnomena  iti  ani- 
mals,              .               .                 .              i.  363,36-1 
arrangement  of  the  heads  of  inquiry,           -          1.  364 
experiments  and   conciusions  respeiting  the  essential 

parts  of  the  animal  arc,  and  their  dis|x>siiii)ns,  i.  365,36(i 
respe3ing  the  parts  of  the  exciting  arc,  and  their  re- 
lative nature  and  dispositions,  -  i.  368 
extraneous  causes  having  an  influence  on  the  experi- 
ments,              -                   -                   -               i.            3^1 
jefleSions  and  conclusions,                   -                  i.           374 
experiments  rcspefling  the  means  of  varying  (he  sus- 
ceptibility of  animals,                    -                 i.           370 
pomparaiive  trials  beiwceu  the  galvai)ic  and   eletliic 

phesomciia,  -  -  i.  390 

—  expcri- 


INDEX. 
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—  experiments  made  by  Humboldt  in  presence 

of  the  mennibers  of  the  commission,  i.  3S2 

general  dedudions  on  the  nature  of  the  galvanic  prin- 
ciple, and  its  future  application  to  medicine,  i.  383 
Hearing 'y  experiments  respe&ng  the  influence  of   gal- 
vanism on  this  sense,              -             i.  149,223,  ii.  6 
respc6ting  its  influence  in  the  cure  of  deafness  and  of 
particular  buzzings  in  the  car.    See  Deafness, 
Heart,  question  of  the  adlion  bf  galvanism  upon  ;  expe- 
riments with  the  hearts  of  different  animals,  i.  60, 6l, 
147,  208,  209,  303-305,  333,  334,  ii.  46s 
remarks  respecting  tlie  foramen  ovale,         -         ii.  427 
effe6t  of   the    oxygenated    muriatic    acid    upon    the 

heart,  -  -       '  i.  176 

experiments  respe&ing  the  dependence  of  the  heart 

upon  the  brain,  -  -         ii.  I96-203 

Heat ',  question  of  the  influence  of  the  degree  of  tempe- 
rature upon  the  susceptibility  of  metals  to  the  gal- 
vanic principle,  -  -  i.  245 
changes  effeded  by  heat,  in  the  electric  properties  of 

bodies,  -  -  ii.  218 

question  of  the  mechanical  difitision,  or  Ihe  chemical 

union,  of  caloric,  relatively  to  matter,  CnotcJ  ii.  219 

principles  of  the  general  diflfusion  of  caloric  in  sub- 
stances, -  -  '      ii.  224,225 
beneflcial  eflfed:?  of  the  resistance  which  bodies  in  their 

different  stated  furnish  to  heat,  -         ii.  273,274 

arrangement    of   caloric    with    electricity   and    mag- 
netism, -  -  ii.  282 
Dr.  Crawfokd*s  experiment  on  the  powers  of  atmo- 
spherical and  pure  air  to  retain  heat,             ii.  404-407 
his  calculation  of  the  comparative  heat  of  common 

and  of  fixed  air,  -  -  -  ii.  408 

of  inflammable  air  and  vapour,  -         ii.  408 

of  inflammable  and  common  air,         -         ii.  409 

of  the  capacity  (for  heat)  ui  water  and  of  snow,  ii.  409 

experiment  of  the  Author  on  this  subject,    ii.  410 

of  the  capacity  of  vapour,  -      *  ii.  411 

experiments,  -  -  ii.  41^ 

expansion  of  ditferent  substances  at  different  degrees 
of  temperature  J  mercury,  common  air,  and 
water,  -  -  ii.  415 

venous,  and  arterial,  bloodi  -  ii.  416-419 

•xperiments  and  renoarks  1  dative  to  the  temperature  of 

the  human  body,  -  -  ii.  424-428 

u 


it  ia  not  dependent  on  reipiration,  ii.  419 

MemipUiiat  application  of  galranUm  in   the  cure  of, 

i.  +07,  4.55,  ii.  444>4I& 
HiNitr,  Mr.  of  Manchester,  his  expcrirasnta  anJ  obscr- 

yations  with  the  galvanic  [rile,  -  ii.  W 

U^arienrii,   appliCEiion    of  galvanlun  in   the  care     ot 

i.  428,  4H 

//eJBjfcfffffi J  coatings  j  efiefl  of,   as  described  by  Reis.     ,, 

HOLD,  .  -  -  !■   so+i«*J 

by  Humboldt,  -  -  i.  a7Z,a7J 

See  also  Mttals. 

homogeneous  metals  may  be  used  in  the  constniAioo 

of  ihe  Voltaic  pile,  -  U.  8j 

HoMBOLtJT  :  hia  cKperiments  to  ascertain  the  degree  of 

irntabilily  inherent  in  an  animal,  i.    167, 168 

General  statement  of  his  esperiinents    and    observa. 

tioni  on  galvanism,  -  i.  ;6i 

conclusions  drawn  by     him  from  his  early    exper!- 

menis,  ■  -  i>  ;6j 

his  projeft  of  forming   a  chemical  analysis  of    the 

principle  of  vitality,  -  i.  a66 

Iiii  new  ideas  on  the  subjeA  of  irritability,    i.  367 

his  labours  in  the  development  and  protiecuiion  of 

observations  rcspefling  tlie  relation  between  galvanic 

irritation  and  iiieitabiiiiy,  -  i.  269 

means  by  which  he  increaied  the  incitability  of  the 

e^'periments  rtspefling  galvanic  irritation  produced 
without  a  coating,  or  mciallic  or  charcoal  sub. 
stances,  .  .  i,  2jo 

remarks   on  the   employment  of  different    pieces   of 

fiesh  as  conduftors,  .  i.  271,273 

on  the  excitement  produced  by  a  simple  metallic  sub. 

stance,   or  homogeneous  metallic  parts,       i.  272 

experiments,  .  -  i.  273 

heterogeneous  metals,  -  i.  27+ 

remarks    respefling   the  classification   of  substances, 

i.    27J-277 
experiments  respfting  the  comparative  efiefls  of  ani- 
mul  nnd  vegetable  substances  employed  m  the 
galvanic  chain,  -  -  i.  277 

respeding  the  phenomenon  of  setting  thi  tetth  on 
*dgi,  .  .  .  i,  27S 
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•re^fting  the  existence  of  sensible  fibrea 
in  the  tendons  and  ligaments,  i.  ^y^ 

experiments  on    mushrooms^    ascertaining    their  £:t. 

ness'for  conda^ors,      .  -  i,         ■  21519 

remarks  respedling  the  length  of  conduftors,  and  the 
celerity  of  the  transition  of  the  galvanic  in- 
fluence, -  -  i.  280,281 

influence   of  the   state   of  the  atmosphere  upon  the 

nerves,  as  upon  a  hygrometer,  i.  282 

experiments   on    the  tongue,  and  on  a  nerve,    which- 

thus  distinguish  metals,  .  i,  ^|j 

the  muscular  movements  and  sensations  produced 
by  galvanism,  prolonged  after  the  chain  has  been 
closed,  -  •  -  i.  284 

eflPed   of  ligatures,    and  of  division  of  the    fibres, 

i.  286,287 
of  different  media, 
cffedls  of  galvanism  upon  vegetables, 
lipon  aquatic  worms, 
upon  insefls,  .  •  • 

upon  fishes, 

upon  amphibious  animals, 
ppon  man,  .  •  • 

in  the  sense  of  sight, 
of  taste,  -  •         • 

of  smelling,  -         - 

in  producing  inflammations, 
on  vesicatories, 
experiments  on  the  revival  of  birds, 

on   the    peristaltic   movements  of    the   intestinal 

canal,  ...  i.  ^00 

on  the  hearts  of  different  animals,  i.  505-305 

General   dcduftions   respefting   the  established  theo- 
ries of  galvanism;  that  of  Gal  VAN  I,         i.  505,506 
of  Volt  A,  .  -  -         i.  306,507 

theory  of  Humboldt,  -  i,  308 

experiments  made  by  him  in  the  presence  of  the  com. 
missaries   of    the   French    National     Institute, 

his  experiments  and  observations  respe^ing  the  appli. 

cation  of  galvanism  to  medicine,  i.  408-421 

remarkable  instances  of  his  courage  and  resolution  in 

the    pursuit    of    his   philosophical  researches^ 

!•  284 
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I 

liicifabUiij,  defined  by  Reinhold,         -  i.  tl% 

different  degrees  of   in    difierent    animals,    accord- 
ing to  liiat  natoralisi,  -  i<  3x8,119 
after  death,                  .                  -  i.  ijo 
this  quality  increased  bf  inflanunation,                i.  130,131 
species    of     inciiabiliiy     resnlting     from    dtfieienl 

deaths,  .  -  -         i.  131 

inclt ability  artificially  exalted  ;  by  opinion,      i.  13J 

by    the  oxygenated  muriatic  acid,  animal  calxej, 

and  alkalis  -  -  i.  2J] 

by  moisteningihe  operated  nerve  with  water,  i.  933 

by  galvanism  itself,  -  -  i.     _       «J4 

incttability  depressed  by    a   natural  mode  ;    |diy>io- 

logicallv,  .  .  i.  334. 

padiologiLally  ;   by   the    nicch:iLik-.il    injury  of   the 

nerves  and  muscles,  -  i.   23S1 2j5 

by  certain  diseases,  and  kinds  of  death,       i.   236,137 
incitability  depressed  by  an  artificial  mode  j  with  che- 

nical  applications,  -  i.  237 

arrangement  observed  in  these  remarks  respefting  the 

modifications  of  incitability,  -  i.  23! 

HuMiiOLDT's  observations  on  tlie  relation  between  gal. 

vanic  irritation  and  incitability,  i.  269 

means  by  which  he  increased  the  incitability   of  the 
animals,  .  -  -  270 

See  also  ExcitcmeKl,    and  Irritahilitj. 
lnfammathni,   effefts  of  galvaiii&m  in  producing,    i.    296,  297 
IhuSi,   aftion  of  galvanism  upon,  .  i.  ago 

JnUitinal part!,  eiiperiments  respefting,  i,    299-303 

Irritabdily  ;  Humboldt's   experiments   to  ascertain  the 
degree  of  this  property  inherent  in   an  aitimal, 

i.    167,  168 
effefls  of  the  oKygenatcd  and  the  simple  muriatic  acid 

in  restoring  irritability,             -                    i.    16S-170 
deduftioBS 


INDEX. 

▼Ot,         FAOl 

— deduftions  relative  to  the  nature  of  ir- 
ritability, -  .  i,  iji 
distindlion  of  irritability  from  sensibility,         i.  i8i 
irritability  in  the  limbs  of  animals,  supported^  not 

destroyed,  by  excitement,  -  i.  ^9 

See  also  Excitement^  and  Incitahility. 
Irritation  of  the  muscular  fibre,  the  foundation  of  the 

science  of  galvanism,  .  .     i.  261,262 

researches  of  Humboldt  into  the  principle  and  theory 

of  irritation,  -  -  i.  267 

his  experiments  respefting  galvanic  irritation  pro- 
duced without  a  coating,  or  metallic  or  charcoal 
substances,  .  .  4.  270 

effed^s  of  the  galvanic  irritation  totally  dissimilar  to 

those  of  the  eledlric  shock,  -  i.  297,  298 

discovery  of  Crevb  on  metallic  irritation,         i.  311-313 


Ltady  various  examples  of  the  influence  of  this  metal  as 

a  coating,  -  .  -         i.       28-3$ 

as  an  exciting  arc,  applied  to  zinc,  i.  32 

Leeches^  experiments  on,  -  -  i.  146 

^EHOT,  M.  his  observations  and  experiments,     i.  340 

Leyden  phial,  experiments  of  Aldini  to  prove  its  simi- 
larity to  the  Voltaic  pile   and  to  animal  tub- 
stances,  -  -  •  i.  392 
the  Leyden  phial  charged  by   the  Voltaic  apparatus, 

ii.  1% 

experiment  with  the  Voltaic  pile  connefled  with  the 

Leyden  phial,  -  -  ii.       98, 99 

analogy  between  the  Voltaic  pile  and  the  Leyden  phial, 

as  stated  by  Professor  Cu VIE R,  ii.  146 

theory  ©f  the  Leyden  phial,  -  ii.  259 

illustrations,  .  .  ii.  261,263^26$ 

Ligatures;  inquiries  respefting  their  effefts  on  the  nerves, 
in  impeding  the  progress  of  the  galvanic  current, 

i-  34>  55>  39>  58*  lit  186,  286,  287,  ii.  340 
experiments  of  Re  I  NHoLD,  .  i.  206 

Light,  its  influence  on  the  cledric  capacities  of  bodies. 

It.  276 

nature  of  its  general  motion,  -  ii.  34S 

-^prodoAioii 


L 


tnitBii. 


*— prodnflion  of  tliefl.ishofligbiby  the  Volta 

pile,  -  -  .  II . 

See  fll£o  Si^it. 
Ligitaiagi  application  of  its  tleAiicity  to  the  muscular 
system,  byGALvANi,  -  i, 

Lasgs;  \he  strutlurc  of,   similar  to  the   torpediiial  ai- 

rangement  (see  ii.  jgS,  399)^  ii.  ^ 

vascular  fonnauon  of  the  lan^ti,  -  ij.  4 

See  also  Reijiii'n/TQK. 
Ljdijx  ttonf,  its  projittty  as  1  conduflor,  ii*  3 


M 


MagufKtF.,  inquiry  ttfpcfling  iti  cor.ncitionwiili  galva- 

iiiitn,  .  ,■        .        -  '•  1+4.  *i^ 

lis  arrangemOni  with  cleilricity  and  caloric,     ii,  201 

Sec  also  Needle. 
Media  J  four  different  kinds  of  funftior.s  resident  in  some, 

according  to  Reikhulu,  -  i.    as^,  33; 

inqniriciof  HuwaoLDT'icspcaing  the  cffefls  of  dit- 

fermt  ntedia,  _  -  i,  aSi 

effefls  of  different  media  on    (he   siiscepribility  of   the 
aiiimjl,  -  .  -  i,    573,  3;. 

M.tdki.u:  Galvani  cndeavonrs  to  apply  his  discovery  (o 

prsftical  medicine,  .  i.  \. 

possible  henefiis  to  be  deriTed  from  its  application  10 

thai  science,  '     .  _    -  i.    3.S5,  3E. 

attempts  of  Albiki  towards  this  purpose,       i,  ^g 

Review  of  the  most  intcjestingatiempls  which  have 
been  made  to  :'j.iiily  the  piinciple  of  galvanism  to 
thf  cure  of  d;at'i:scs,  -  -  i.  jgi 

obstacles  hitherto  Lspetienced    in    tli;::;    endeavours, 

'■  396)3';: 
tyixjtbesis  of  Gai.va\-i   relative  to  the  produflioii  of 

the  nervOLis  sciatica,  -  i.  39! 

of  the  tetanoi,  and  ofparalysis,  .  i,  ^oc 

emplcymeri  of  galvjiii-ra   10  disiirguish  real    death 

from  apparent  or.isyhyxy:  (See.^j/fjTj J,  i.  40^ 

its  application  proposed    in  (he  paralyais  of  the   optic 

nerve;   successful  treatment   of  a   case  of   hemi. 

plegia,  -  -  i.  407 

Hiimi:oi.ut's  examination  of  the  benefits   10    be  cx- 


IKIIBX« 

^■""^  '■.•:.  ■  K<  • 

iroft.       vA^ft 
pt&ed  from  the  application  of  galranism 

to  the  science  of  medicine,  .  w  408 

question  of  the  efficacy  of  galvanism  in  paralytic 

diseases:  (See  Paralysis  J,  -  i.  417 

Galvanism  a   method  of  distinguishing  the  nerves 

from  the  other  organs,  and  of  estimating  the  de. 

gree  of  excitability  of  a  nerve  or  muscle,    i,  420 

work    of   Grapenoibssbr    on   the  employment  of 

galvanism  in  the  treatment  of  several  diseases ; 

substances  most  proper  for  the  materials  of  the 

galvanic  pile,  .  .  i.  422 

poles  of  the  pile,  and  their  respedlive  ele^ricities, 

...  .  1-423 

varieties  in  the  effeds  of  the  pile  and  the  battery, 

i.    424.426 
particular  maladies  in  which  galvanism  may  be  re. 
sorted  to :   palsies  of  the  extremities ;  debility 
•  of  sight,  and  the  gutta  serena ;   deafness,  and 

buzzings  in  the  ears,  -  i.  427 

hoarseness,   and  aphony  arising  from  a  defe^  of 

nervous  adlion,  -  •  i.  428 

paralysis  of  the  sphinfler  ani,  and  of  the  urinary 
bladder,  asphyxy,  and  various  other  cases,  i.  429 

modes  of  application  of  the  battery  in  different 
diseases ;  m  paralysis  of  the  extremities,  and  to 
the  wounds  of  blisters,  -  i.  430 

in  diseases  of  the  sight,  -  i.  451,43^ 

of  the  hearing,  •  -  i.  43^>433 

in  paralysis  of  the  urinary  bladder  ;   hoarseness, 
aphony,  &c,  and  chronic  rheumatisms,  i.  454 

account    of  a  galvanic  belt   made  and  worn  by  Mr, 

Tehd,  of  Lancaster-court,  Strand,  i.  434 

method  of  administering  in  cases  of  deafness,       i.  437 

experiment     in    a   violent  paralysis   of  the  face, 

1.  438.443 
in  a  case  of  deafness,  -  i.  443 

remarks   on    these   applications  of  galvanism  to  the 

human  body,  .  .  i.  443 

experiment  in  a  case  of  paralysis,  i.  444 

substance  of  a    report  by  Vassal L i-E a ndi   on  the 

application  of  galvanism  to  medicine,         u  449 

experiment  in  a  case  of  gutta  serena,  i.  45^ 

of  hemiplegia,  •  •  i.  453 

of  hydrophobia,  .  •  i.  4^4 

— instances 


— instances  of  misfortunes  occasioned  by  thi 

abuse  of  salv.itiism,        ,      -  -  i.    460,467 

obieivtiiions   of  Nl.  DESMORTiEits  on  the  danger  of 

galvanism  in  the  (rtatineiiC  of  diseases,         i.  461 

e\}>eriinenii  on  the  bile,  -  i.  ^(ii 

on  the  (enjfles,  ,  -  ,     i.  46} 

remarks,  ,  -  .  i.  46J 

effjfl   of  its  application  to  the  utinaiy    calculus, 

i.  463,464. 
rtflcftlons,  -  .  r  i.  4(16 

Attentions  in    the  mcdica!  a|>plication    of  galvanism, 

ii.    191,195 
idea   of  the  Author,   idalive  to  tts   employment  in 

medical  practice,  •.  -  ii.  215,114 

Cases  of  iis  application  to  medicine,   in  the  Authur's 

expeTi(;nce  ;  in  paralytic  aficAioiis,  ii.  444  446 

attentions  in  the  use  nf  the  baciery,  ii.  447 

remarkable  cure  of  paralysis,  -  ii.  4^.8 

cases  of  deafness,  -  -  ii,  44,j 

different  methods  to  be  puxaued,  according  to    the 

difierent  sources  of  this  defeft,  U.  4;  j 

node  of  the  application  of  galvanina  described, 

ii.  4;a 

when  one  car  only  is  affefled,  .  ii.  4^4. 

in    spasmodic    affeftions  ;    cramp,    tetanus,    and    stiiF. 

ness  of  the  joints,                      .                       ii.  4-6 
indolent  tumors,    scrophulous  swellings,    and    en- 
largements of  the  prostrate  gland,               ii.  ^r^ 
cases   of  mental   derangement ;  melanclioly   madness, 

ii-  459 

instance  of  relief  experienced,  -  ii .  4.6 1 

hypochondriasis,  .  .  ii.  462. 

female  complaints ;  nervous  headacb,  ii.  463 

cases  of  suspended  animation,  -  ii,  4.63 

method  of  operation,  .  ii.  4.68 

Comparative   effefls    of  galvanism  and  of   elcfiricity, 

when  applied  to  medicine,  i,  450,4^1,    ii.  443 

explanation  of  the  medical  ^lilion   of  eledlricity    on 

the  human  body,  .  .  i.  ^jg 

©pinion  of  Galvani  relative  to  the  operation  of 
remedies,  and  the  manner  of  administering 
ekflricity,  .  .  .  i.  4.^^ 

— superiority 


X 
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— •  superiority  of  the  galvanic  fluid  to  that  the  of 
common  ele^ricity  in  certain  cases^  in  de- 
termining  the  nervous  adlion,  *  i.  423^  424 

apoplexies  and  epilepsies  compared  by  Galvani  with 

the  effedls  of  artificial  eleflricity,  !•  401 

Mental  derangement^   application  of  galvanism   in   the 

cure  ot,         -        .  -  ii.  459  463 

Mercury,    See  Qukhil'ver. 
MesmsRj  observations  upon  his  system  of  magnetism^ 

ii.  211^  211 
Metals:  their  influence  upon  the  movements  of  the  mus. 

cles,  discovered  by  Galvani,  i.  10 

ad^ion  of  the  heterogeneous  and  homogeneous  metallic 
coatings  upon  the  eledlricity  in  living  bodies, 
investigated,  .  i,  23^  24,  72,  73 

of  lead  and  silver,  •  *         i«  28 

the  lead  removed,  «  .         i«  29 

of  similar  metals  :  diflerent  positions  of  the  coat- 
ings :  various  coatings  applied  to  the  nerves  of 
the  thighs,  -  •  i.  29 

lead  ;  with  itself,  and  with  other  metals,      u  30 

inferior  {)ower  of  the  lead  :  influence  of  different 
metals  combined  with  it  X  eflfe^  of  the  leaden 
arc  applied  to  zinc,  .  u  31 

further  examples  of  coatings  of  lead,  i.  33 

phenomena  in  the  operation  of  different  metals,  as 
' '         coatings,  or  as  exciting  arcs,  i*  4^ 

eflfefl  of  a  covering  of  mercury  on  a  metallic  conduc- 
tor, -  •  .  !•  74 
galvanic  capacity  of  different  metals,  as  observed  by 

Gaillard,  -  •     .         i.  79 

theory  of  Volta,  explaining  the  operation  of  metals 

in  galvanic  processes,  •  u       95, 96 

observations  by  Fowler,  respedling  the  choice  and 

use  of  metals  in  experiments,  u  138 

respeding  metallic  oxydes,  .  i.  139 

contradions  excited  by  a  single    metal,   with  fric. 

tioD,  .  •  !•  163 

modification  of  the  galvanic  forces  of  metals;  produced 

by  different  degrees  of  temperature,  i*  24 j^,  246 

by  the  fridion  of  certain  bodies,  i.  246,  247 

discovery  of  Cr EVE,  on  metallic  irritation,      i,   311-313 
hypothesis   of  Fabroni    respecting  the   adion    of 

metals,  •  •  L  314-317 

TOL.  II*  ick  -—contract 


^^^^^^^^^^ 

■ 

1 

•—  cotilraflions  excited  withont  the  interventio 

of  metallic  arcs, 

i. 

387 

by  the  application  of  silver  alone, 

j. 

33s 

office  and  operation  of  metals  in  certain  case 

,   in  the 

propagation  of  the  galvanic   fluid. 

i. 

jSg 

most  proper  metals  for  the  materials  of  the 

galvanic 

pile  in  its  apjilication  to  medicine. 

4,11 

infioence  of  the   metah  employed  in  the 

COTDpO- 

sition   of   the    pile,    resolved    by  Vo 

TA    into 

elcftrical    principles, 

ii. 

9 

his  eiperimcnW  to  prove  this. 

ii. 

analysis  and  itlusiration  of  their  operation. 

ii-        li.  tt 

Dbservaiions    in    opposition    lo    this    hypothesis. 

new  theory  of  Volta, 

ii' 

\l 

homogeneous  meials  may  be  employed  in 

the   con. 

struftion    of  the  pile. 

8; 

combinations  of  the  different  metala    in 

hat    pro 

cess. 

ii.     97 

100 

metals  most  affefled  by  the  ekftric  acid. 

ii. 

144 

^^^^>      uses    and   advantages  of  Hietallic  coatings 

to   dec 

^^^^^^^^^^—              trie  Jars,  efpifttnea. 

ii. 

j6) 

^K^^^^      Gtffiple  galvnnic  CombinationSf 

ii.    300-306 

eFeft   of   u\o    siniihii    meiJs    with    an    interjioBcd  " 

flaid,  -  -  ii.  309 

question  whether  dissimilar  metals  necessary,  ii,  31S 

excitement  without  the  aid  of  metais,  ii.  ^jj 

metallic  oxydea  produced  by  eleflricity,  ii.  lyo 

comparative  influence  of  cleflricity  and  of  galvanism 
in  the  defiagration  of  metallic  substances  :  (See 
Z>C&,r«"V,  -  -  ii.  391 

See  aiiC  Arc,    /inl/erj,   Contirtgs,  and  Conduaan. 
Mftaiiosis,  applicationof  galvanism  in  the  cure  of,  i.  jja 

Meifjrt,  produftion  of  various  atmospherical,  dependent 

on  eleflricity,  -  -     '  ii.  276 

thunder  and  lightning,  .  ii.  276 

shooting  or  falling  star?,  -  jj.  ,-, 

iirc.b;t;ls,  .  .  ii.  ^J<^ 

aurora  b,rfal!!,  ,  .  if.   278,  279 

Miaerals,  their  powers  as  condnOors,  ii.  jjS 

Mnriatk  acid;  cfiefts  of  the  oxygenated,  and  the  simple, 

in  restoring  irritability,  _  _       -  i,     168-170 

Murcles:  application  of  the  eleflricity  of  lightning  to  the 

muscular  system,  by  Galvani,.  j,  « 
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—  he  discovers  the  influence  of  metals  on  the 

movements  of  the  muscles,  i,  lo 

Pfaff's  explanation  of  the  manner  in  which  the  mus- 
cular system  is  affefted  in  galvanic  experiments, 

(note J  !•  8 

effef^s  of  the  a^ion  of  nitrous  gas  oil  the  muscles  and 

the  nerve  of  a  frog,  -  i*      5!j  5^ 

modes  in  which  the  voluntary  and  other  movements  of 

the  muscles  are  respeftively  performed,      i;  ^S 

Val Li's  theory  of  an  inherent  ele^ricity,         i;  \6 

Fowler's  theory  of  the  musculo. nervous  economy  of 

animals,  .  .  j;  13S 

the  muscle  proved  by  him  necessary  to  be  compre- 
hended in  the  circuit  or  battery^  i.  I4af 
his  inquiry  respefting  the  connexion  between  gal- 
vanism, and  the  muscular,  nervous^  and  vascular, 
systems,                  -                   -                    i,  14^ 
his  experiments  respe(fling  the  comparative  Operation 
of  narcotic  poisons  on  the  bldodj  or  on  the  mus- 
cles and  nerves,                        -                    i^    158-160^ 
tefledlions  on  muscular  contrafliori,                     i.    174,  175 
contradions  produced   by  animal  substances  brought 

into  conta^^^  according  to  Reinhold,.      i.  20 1 

in  dissedcd  animals^   by  coating   the  muscles  and 

nerves,  -  -  i^  203' 

produced  by  coatings  of  the  nerves  only,       i.  2x2,  213 
of  the  muscles  only,  -  -         u  213 

by  coatings  added  to  moist  conductors  contiguous 

to  the  animal,  .  -  i.  214,  215 

excited  without  the  intervention   of  metallic  sub- 
stances, according  to   Aldini,  j.  387 
by  the  application  of  silver  alone,                   i,           38^^ 
inferences,              -                           -              i.  388,  3891 
the   muscular   movements   and   sensations   prolonged 

after  the  chain  has  been  closed,  i,  284 

experiments  with  different   liquids,    on  the  galvanic 

properties  of  the  muscular  organs,  i.  377,  37^ 

respeding  the  efFcdls  of  asphyxies  on  those  organs, 

i.   378-380 
the  metallic  influence  not  imparted  to  the  muscles  tUl 
after  it  has  been   communicated  to  the  nerves, 

experiments  respefting  the  adion  of  the  galvanic  prin- 
ciple on  the  muscles  of  dead  persons,         ii,  189,  190 

K  k  2  «  ■      on 


*--^OD.iinputated  limbs,  in  liiSerent  c 

cxiicme  M^n'tlbility  of  the  muscular  abre^  of  a  frog  lo 

the  tnSuence  of  eleftridrjTj  ii.    313-31^ 

Sec  also    Nerver. 

Mxjhmtns,  asccjuined   by  Humboldt    to  be  perfcft 

condtiflors,      -  .    '  .  I,  i~> 

See  al,o  Pu„£i. 


N 

NffJf',  mastic ;  vinatiao  o(,  -      pntfjii.  aJo 

polarii)'  impartcil  to  needles  by  rUAiidty,       ii.  i8j 

Ifrr^a:  not  conduftors  of  the  electric  fluid,  i.       47,  4S 

ibe  nervous  fluid  tliac  which  is  ailed  upon  by  poi»oi» ; 

JnSrenccs,  .  -  i.        52,!} 

part  of  ihe  nerves  which  longest  reuios  virality,i.  5J 

Oftium  more  powerful    *ben  applied  to  the  extremity 

than  to  xkt   origin  of  ihe  ner»ei,  1.  60 

experiments  concerning  ihe  sonrce  whents  the  respec- 
tive force*    of   the    nenes  and    raD4cl«    ema- 


uttefn  of  the    reprbditflioa  of    the    nerres    esta. 


biiitifd, 


,'SJ 

tne     nervous     svitem   distiticl    from     that    6f     rita- 

li.y,  "     -  -  i.    ,7;. ,,8 

the  former  merely  an  appendant  to,  and  a  shoriener 
Of,  life,  .  -  i.  178 

remailib  ci"  M.  Sle  re*pc;iing  the  true  seat  of  sen. 

infiueiice  uf  the  state  of  the  atmosphere    upon    the 

r..rves,   as  upon  a  hygfometer,  i.  281 

temar  ks  on  the  indnitude  of  sensations,  fnalej  ii,  g+i 


Ele;1r;cal   phenomenon  arising  from  ihe  nervous  sys- 
tem objetved    prior   to   [be  discovery   of  Gal- 


hyj-oihtsis  of  Vassalli  on  the  subjeft  of  this 
comiTiU.iicaiion  bslween  an  armed  and  an  anarmed 
experiment  on  a   nerve    armed    at     different    iiiter- 

ai:empted  on  a  ho:-blooded  animal^  i. 
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-  manner  of  operation  of  the  coating  applied 

to  the  tunics  of  the  nerves,  -  i.  ,  4 j 

eflfefts  of  the  adlion  of  nitrous  gas  on  the  nerve  of 

a  frog,  -  -  r.  52 

remark    on    the     application     of    coating    to    the 

nerves,  -  -  i.  52 

contradile  movements  produced  by  the  experiments 

of  Berlinghieri,  -  i.        67-69 

in   hot-blooded  animals,  -  i,  70 

inquiry  by  Fowler,  whether  the  nerves  in  general 
are  equally  subjet^  to  the  influence  of  galvanism, 
or  those  only  which  are  governed  by  the  ivill: 
(See   milj,  -  -  i.  147 

respecting  the  dIreAion  followed  by  the  galvanic 
influence    when    applied   to    the    nervous    sys- 
tem, -  -  -         i,  1^2 
experiments  on  the  arteries,                -            i.    1^4-156 

diflferent  effei^s  of  galvanism  when  applied  to  a 
particular  nerve,  or  to  the  brain  or  spinal 
marrow,  -  -  i.  160 

experiments  by  Reinhold  relative  to    the  external 

senses,  _   -  -  i.    219.224 

conditions  connected  with  the  nervous  system,  neces- 
sary to  produce  in  animals  the  galvanic  pheno- 
mena, -  -  i.   226, 227 

ipcitability  not  particularly  diminished  by  the  mecha. 

nical  injury  of  the  nerves  and  muscles,       i.  235,  236 

remarks  upon  living  nerves  and  muscles,   by  Hum. 

801  DT,  -  -  i.    265, 266 

respedling  communications  between  two  points   of 

the  same  nerve,  -  i.  266 

his  discovery  respecting  the  coatings  of  the  nerve 

and  muicle,  -  -  i.  274 

his  experiments  on  a  nerve,  which  thus  distinguishes 
metals   and  charcoal,  -  i.  285 

experiments  and  conclusions  respe^ing  the  animal  arc 

by  Halle,  .  -  i.   2^S6y  367 

galvanism  a  method  of  distinguishing  the  nerves  from 
the  other  organs ;  and  of  estimating  the  degree 
of  excitability    of  a  nerve  or  muscle,  i.  420 

superiority  of  the  galvanic  fluid  to  ihat    of  common 

*       electricity   in  certain  cases,   in  determining  the 

nervous  adtion,        .         -  -  i,  423,  424 

opinion  of  Aloi^i,  that  the  galvanic  fluid  is  inherent 

]^  k  3  in 


D  the  immal  Bltie  akice,  refuted,  ti.  316,51^ 

B'jgtpnuncnn  of  exciieiDeni  produced  withoat  the   a^ 

of  meuls.  -  -  i'-  333-33$ 

I    of  the  drpeDdcnce    of  gilramsqi    on    the 

ii.   3iS,  339 
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Set  alM>  flaiJs,  LigatuTii,  and  MMttkt, 
Krrvtmi  tt^dedi,    feiisle  ctm^'iaiott ;  qifJtcatUn   af 

jiItmibbi  in  ibe  nue  of,  -  ii.  ^j 

NicnoLxrn,  Mr.  hi*  tT|4y  10  tlic  hjrpodiKu  of  Volta 

respeflit^  the  gill  -nic  plk,  -  ii.  ij 

bit  expmaxcu  jsd  iijnuusf  ii,  ^ 

O 

Oaf,  cSeds  of  erpciiiBnct  in,  _  i.  f^ 

Oj<*B,  wttK  poTttM  wkea  »^fed  la  Ac  iauubiijt 

ihati  to  the  origin  of  iii=  ncrw*,  i.  60 

cvpBTiMcnts  fu^euu^  in  power  is  ^^^'"r  ncmbi- 

BtT. 
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.  ft-96,  izo-ii;,  5C6-311 
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ii.    171-.75 


rcrpiftirg  la  prodac. 
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r;-:«r;rdL*:-^'5,_    _  _-  i,  4)7,  41;*,  411 

"  ri  i^i  *awctc   ScTYTu^  ;  htacTpicgia, 
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yUality ;  Ae  ele^bicity  of  animals  independent 

of  their  vitality,  -  i.  41>384,385 

the  eledric  fluid  in  certain  cases  the  support  of  vi- 
tality, -  -  i.       43/44 
the  principle  of  life  ^stia^  from  the  nervous  prin- 
ciple,           -    -                        -  i.  175-178 
the  latter  merely  an  appendarrt  to,  and  shortener  of,' 
life,                  -      .                      -^               i.  ITBrlSl 
researches  of  M.  Sue  on  the  vital  principle,         i.  182 
•curious  experiment  by  REfNHOLD  on  the  vital  force, 

and  the  efFe6t  of  the  circunaambient  air,       i.  2l6 

the  vital  force  in  an  animal  essential  to  the  produftion 

of  galvanic  phenomena,  -  i.  229 

experiments  by  Tourdbs  respe6ling  the  vitality  of  the 

blood,  -  -  -  i.  64 

by  Valli,  to  determine. the  time  during  which  ani- 
mals can  live  without  nourishment,  i.  54 
experiments  to  revive  animals  killed  by  drowning  or 

by  asphyxia :   (See  also -^5/>Ayary^,  i.      49-51 

on  the  revival  of  birds,  -  i.  299,300 

VoLTA  5  his  experiments,  and  observations,  i.  lQ,^7>9'^'9^>99 

his  theories.     See  Theory, 
Pblkdc  pile,  and  battery.     See  Pile,  and  Battery. 

W 

JVdter,  its  effed  (hot,  or  cold)  in  animal  eleftricity,  i.  57' 

its  use  as  a  condu6lor  of  animal  eJeftricity,       i.  63 

its  cfFe6fc  in  this  chara6ter,  on  the  movement  of  the 
galvanic  fluid  in  the  interior  of  the  pile,       ii.  164-170 
influence  of  ele6tricity  in  the  process  of  the  crystalliza- 
tion of   watery    and  on  water  in  the  state   of 
ice,  -  -  -  i.  216,217 

in  the  state  of  vapour,  -  i.  21/ 

different  capacities  of  ice  and  water  to  contain  the  elec- 
tric fluid,  -  -  i.  222,223 
principle  of  the  diff'usion  of  air  in  water,  i.  224 
beneficial  effects  of  the  changes  into  ice    and    va- 
pour,                    -                       -                  i.          274 
its  proportionate  condudling  powers,  to  those  of  me- 
tallic bodies,                 -                  -                 i.  362 
its  degrees  of  expansion  by  heat  at  ditferent  tempera- 
tures,                -                 -                 -           i.  415,416 
Its  resolution  into  oxygen  and  hydrogen  gaa  by  the  gal- 
vanic fluid,                *                   «                i.  135 

—  Decoqi- 


V—  Drconipoiillion  of  water  ;  obneiTatioiu  of  Mr. 
Henry  relative  U>  the  perfbimatice  of  this 
proteu  by  the  galvanic  pile,  -  ii.  69 

Dr.  Pi(iesti.by'r  o^diod  respeding,  ii.  J5 

cxpcrimenta  of  Dr. 'Wollabton,         -  ii.  .91 

process  of,  on  a  ticw  plan,  •  11.  127 

theory  of  the  FrcDcb  pbilosophen  rcspefliog,       ii,  LSI 

processof  Mr.  Nicholson,  -  ii.  376 

of  BicHTEH,  and  others,  -  ii.  377,373 

of  the  Author,  •  -  ii.  379 

its  decomposition  by  cleftricity,  -  ji,  3B0 

elucidated  in  the  galvanic  operation,  ii.  3S2 

detail  of  the  process  of  decomposition,  ii.  384 

Dr.    GiBBKs's    theory  of    the    component    parts    of 

water,  -  -  ii,  385 

experiment  rcspedlog  the  operation  of  the  two  wires 

employed,  -  -  ii,  386 

bypoiheais  i;n  this  subjeft }  illnstrated,  ii.  387,3S8 

IVattr-spouts,  fhenomeiia  of,  -  ii,  285-269 

Willi  experiments  resppfling  the  inflaence  of  the  gal- 
vanic fluid  on  those  parts  of  animals  which  are 
not  governed  by  this  faculty,  i.  207-212,  266, 302-305, 
ii.  197 
Winyof  a  fowl,  experiment  on,  -  i,  60 

if'ires,  metallic ;  employment  of,  in  the  decomposition  of 

water,  -  -  ii,  3"6-389 

See  3lso  Deflagration, 
trood;   its  different  capacity,  as  a  conduflor  of  elearicity 

or  Dtberv'ise,  in  a  moist  and  in  a  dry  state,    ii.  217 
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cfFeds  of  different  arrangements  of  the  strata,  ii.  l62-i64 
cffe6ts  of  water  (employed  as  a  conductor)  on  the 
movement  of  the  galvanic  fluid  in  the  interior  of 
the  apparatus,  -  -  ii.  164-170 

conclusions  respeding  the  laws  of  the  movement  of 

the  galvanic  fluid,  -  -  ii.  170 

experiments  relative  to  the  absorpdon  of  oxygen  by 
the  pile,  -  -  ii.  I71-175 

remarks  on  substances  most  proper  for  materials  of  the 

pile  in  its  application  to  medicine,         -         i.        422 
poles  of  the  pile,  and  their  respedivc  eledricities,  i,  423 

particular  constru6tion  of  a  pile,         -         (note)  i.  444 

,    use  of   the   pile  superseded    by   the  improved  bat- 
tery, -  -  -  ii.  351,357 
varieties  in  the  effeds  of  the  pile  and  the  battery, 

i.  424-42(5 
employment  of  the  pile  in  medicine.     See  Medicine. 
See  also  Battery, 
Plants.     See  Vegetables, 

Points  5  influence  of,  on  eledricity,  explained,     ii.  246-249 
Poisons :  Fowler's  experiments  respeding  the  compara- 
tive operation  of  narcotic  poisons  on  the  blood,  or 
on  the  muscles  and  nerves;  -  i.  X58-l60 

See  also  Opium. 
Porter:   galvanic  theory  of  the  causes  of  the  superior 
briskness  experienced  in  this  liquor  when  drunk 
out  of  a  pewter  pot,  -  ii.  323 

Premiums  offered  for  galvanic  researches,  i.  89 

Preparation  of  frogs,  method  of,       'u  200,  f^notej  ii.  303 

Paibstley,  Dr.  his  experiments  and  theory  on  the  gal- 
vanic pile,  -  -  ii,  74,76-60 


a 

Quicksilver;  remarks  on  the  employment  of,  inithe  pro« 

'  dudion  of  galvanic  phenomena,  -  i.  392 

effeds  of  a  <:overing  of  mercury,  on  a  metallic  con- 

dudor,  -  -  -  i.  74 

advantages  of  mercurial  amalgams  in  the  excitation  of 

eledricjty  in  glass,  -  -  ii.  331>232 

its  degrees  of  expansion  different  in  different  degrees 

of  temperature,  -  -  ii.  415 

deflagration  of  quicksilver  by  the  galvanic  battery, 

ii.  395 

RsiNBOLD  . 


StuRBOLS ;  Us  m-iew  of  tbe  ^&rent  tbeoriea 
and  opinioui  ic'ailve  (o  gahiiu^iii,  up  to 
ihe  curaraaaceaoeul  of  tbe  jcac  I7g&,  i.  ISS 

dlTFTiiivot  tty[)otlir:!ics3moDgdt&iHi1naiuialUis,L  189,190 
denoirinatKxis  eaajinfci,  -  i,  i^i 

carijr  lU^Mveiici  relative  to  the  galTanic  pnacij/ie,  i.  igj 

|itea  ot''BEisHui.D,  ht  trrxUi^  tbia  iui^eS,  i.  i^ 

nnuilcs  isspecting  ibe  cbaitje  and  ptcpantion  of  Irogii, 

coalra<5tioDs  prodund  by  auoal  substances  biooght 

bio  carns£t,  -  -  _  j,  301 

by  Qou-anlmal  bcterogwicaus  inbiter.cfs,  i.  ao2 

'id  dissected  aoiiiuU,  by  coitiag  Uie  luc^cies  sod  ihe 

ntrvcs,  -  -  -  i.  30J 

■f^fdicaiion  and  efcd  of  bomogeiKflas  cxelii^,  i.  2C»,2lis 

CxperimeDts  with  the  ligr'.lur;  of  iIk  nerves,  i.  'JOS 

inquiry  rfspeaing  ibe  time  duiii^  wludi  the  galnoic 

cootradioDs  can  l»e  excited,  -  i.  206,307 

cxperimmb  respediiig  ifac  tiiflu«>oc  of  tbe  gahaou: 
fluid  oa  tbo^  patis  ot  aninals  not  govuDed  bj 
ibe  will ;  on  the  bean, 
the  s;,-m3ch, 
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of  the  I 

.   210213 

ervcs 

.  212.213 

coaira&ioQs  ol'  the  mcsdes  b}'  coat 
cly, 
by  coalings  of  tbe  muscles  only,  -  i.  2J3 

by  cn.tlings  added  to  iugUi  couduflciri  coDliguotls  to 
tbe  animal,  -  -  -  i.   214,215 

cniious  exjicriment  an  the  vitjl  force,  and  on  tbe  td'cA 

of  l!:e  circumjiv.bient  air,  -  i.  216 

esperircents  «itli  various  fluid  conductors,  i.  217,ais 

universal  infliifnce  of  the  galianic  prin.iple  on  animals 
auJ  plants  i  cauics  why  se.Joai  perceptible  in  the 
latter,  -  .  -  ;.  2i8,2I0 

experiiiiem;  relative  to  Ihe  esternal  senses,  1.       ,    2iy 

pr.ic^ical  ex{>.'riiueDts  iu  didcreni  me.Ha,  -      J.  224 

conditions  nref^s.irv  in  prod(;cc  in  auiiuals  the  galraiiic 

phenomena ;  a  sensible  fibre,  -  i.  226 

the  \j[al  to:cc,  -  -  i,  228 

iocit-il.ility:    (See  that  article)  -  i.  228,  a2<l 

eotidiiioiis  essential  in  tbe  arc,  -  i.  23y 

coostiiuent  parts  of  the  arc,  and  various  observations 

respecting  Uidr  power  and  modidcatious,       i.  2-11 

•^  general 
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»«-  general  remark?  on  arcs,  ^  -        i.  25Cr 

considerations  on  the  nature  of  the  galvanic  fluid,  i.  252 

idefinition  and  classification  ot  the  excitement,      i.  253, 

.  inquirji  wl:ether  the  galvanic  agent  is  properly  entitled 

fluid,  -  -  -  i.  254 

whether  it  is  secreted  in  the  animal^         -         i.  245 

rcspefiting  the  manner  in  which  the  galvanic  phe- 
nomena are  modified  by  the  applicatioa  pf  the 
arc,  -  -  -  -         J.  266,257 

.conclusion  respeding  the  nature  of  the  galvanic  fluid, 

i.  258 

exposition  of  the  hypotheses  of  different  authors,  on  the 

galvanic  fluid,  -  -  i.  258 

Respiration  j  the  fun6t;ion  of,  a  galvanic  operation,  ii.  402 

observations  on  Dr.  Crawford's  theory  of,         ii.  403 

on  that  of  the  French  philosophers,         -  ii.  4ig 

calculations  of  the  quantity  of  air  inhaled  by  a  single 

inspiration,  *  -  ii.  421-424 

respiration  not  the  source  of  animal  heat,  ii.  427,429' 

changes  experienced  by  the  blood  during  respiration, 

ii.  430 

question  of  the  efFe6l  of  respiration  as  a  stimulus  to 
the  circulation  of  that  Ruid,  -  ii.  431,432 

Review  of  the  different  theories  and  opinions  relative  to 
galvanism,  up  to  the  commencement  of  tlie  year 
1798,  by  Reinhold  :   (See  his  article),         i.  188 

fiheumatism,    question  of   the  efficacy  of  galvanism  in 

cases  of,  r  -  i.  237,417,418,434 


Sciatica,  hypothesis  of  Galvani  respe6ting  the  produc- 
tion of,  -  -  -  i.  399 
various  .theories  of  3  application  of  common  ele6tricity 

to  its  cure,  -  -  -  i.  458 

application  of  galvanism  to  its  cure,  -  i.  429 

Scorbutic  aJfeSlioris,  experiments  on  the  bodies  of  persons 

who  had  died  from  this  cause,  -         ii.  188,189 

application  of  galvanism  to  the  cure  of  scrophulous 

swdlings, .  -  -  ii.  457 

Sealing-wax,  galvanic  properties  of,  -  i.  57, 58,7a»' 

Senses,  experiments  relative  to.     See  particular  articles. 

remarks  on  the  infinitude  of  sensations,    (note)  \u  342 

Sensibility  ]  distindtion  of,  from  irritability,  i.  181 

Shooting 


Shoaling  or  Falling  .'Inn  j   yroduftion  of,  depend- 
ant f>  >  rlectriiily. 
Sight,  cxju'nmenti  rfipc^Hg  tliir  iiiHuencd  of  gai 

upun  Ibis  Bcusc,  i.   149,  150,320, 221 ,  293,2^, 

fnolej  n.  314 
■pplicaiirin  (if  ga'vnnUra  ai  a  remedy  in  castas  of  dis- 

or  ler  nf  sigtit,  -  -  i.   407,417 

m  f  IFl'^;  ill  a^reriainii[g  whether   ihe   operation    for 

llir  c.ii.inirt.  niM  Ik  successfully  pcrtaimcd,  i.  41() 

imlebiliiv  r.f  sigtil,  uiid  guila  liercna,  i.  42? 

M|)rti]T,'-iii,  -  -  i.  45i 

(Seial«.)  -  -  i.  463.41^ 

Diodeol  np])lic3tif>nof  ihebaltcry,  in  this  use,    i,  431,-132 

tasti  11)  the  Atilb'>r's  r n peri c nee,  -  ii,  453 

■  ^tver;  ciMitlnttors  i)f  ihis  metal  recommended  byVALLi, 

a»  m  >5l  powc-rfiil,  -  -  i.  38 

r%amplfs  ol  tiinlMftioos   cxciled  by  tlie  apfjicalion   of 

Ihii  meiJl  alimc,  -  -  i.  3S8 

SUvfrUaf;  d -flrtgratioit  of,  by  llie  galvanic  battery,  it.    134, 3g3 
Sntrll,  t-xpenmrDlii  rc<ipe£ting  the  influence  of  galvr-imani 

on  this  sense,  -  -  i.   '^22,296 

Sn^p,  remarks  on  the  nature  and  cflfefib  of,  ii,  275 

^mtmodic  qffWJlions ;  ;ipphcaiion  of  gaUdilisin  to  the  cure 

i>f,  ill  rh.-  A\iC"r\  .■np'-rirnre,  ii,    456-1.53 

Sf-iiiKnifnu-  J,.-.y(.  r^,H<  tii.ni  (-Ifi  trirj.ii-i,  ihenrv  'if.    i,    'J(jj-'2(jS 
Stotnai/i  i   I  erc'us-lnii  oil,   more  talal   than    on    any  ollwr 

pjri  i)f  ihi^  li:nly,  -  -  ».  176 

expt-rinients  icsipettin!'  llie  iuflueiice  r.f  the  galvanic 

flnid  npi>n,  -  -  i,  209 

SvK.  I\I.   Ins  lesrau-hus  on  tht:  vl^il  priudple,  i.  15J 

SoL'iitn;  txprnmenl  by  him  finiifcteil  willi  the  prinii- 
[ile  lit  galvanism,  jiiior  to  llic  discovery  of  that 
hcieHC-,  -  -  -  i.  I 

not  ilic  h.iiTiihiiiJii  I'f  !;:ilvanisin,  fnolej  i.  67 

Siirgrry.     Sit  AJniUini'. 
SusceptitUil'j  ot  niiiLiwIs,  influence  of  ditferent   disposi- 

lii-Qsof  l].eexc:iiiiigarcupon,  -  \.    3/5,376 

experinii'nis   and   riflictious  on   the  means  of  v;iiyitig, 
eiilcibling,  and  rc-t-sUblishtng,  in  galvanic  opera- 
tions, -  -  -  i.  3J6-3S0 
periods  of  ihc  greaiist  snsccpilbility  of  .  nimals,    i.  363 
SusjKnded  animation,  applicaiion  of  galvauistn  in    cases 

of,  -  •  -  ii.  463-469 
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Tasie,  phenomena  afFe6ting  this  sense  observed  by 

SuLTZER  prior  to  the  discovery  of  Galvani,  i.         1,  2 
experiments  by  Volta  respecting  the  influence  of  gal- 
vanism oj  the  taste,  -       •  i.       68, 99 
his  explanation  of  this  phenomenon,  i.  100 
a  more  singular  experiment,                  -                 i.  127 
modifications  of  the  taste  of  liquids  drunk  out  of  me- 
tallic vessels,  explained,                  -                 i.          123 
cfFe6ts  of  galvanism  on  the  tongue  compared  by  Fow- 
ler with  those  of  c:le6tricity,             -             i.           148 
its  efFe6ts  on  the  cheeks  and  gums,         -           i.           l6l 
experiments  by  Humboldt  on  the  tongue,  which  thus 

distinguishes  metals,  -  -         i.  283 

hypothesis  of  Fabroni,  -  i.  315,316 

experiment  producing  at  once  the  sensations  of  seeing 

and  tasting,  -  •<  •  (notej  ii.  314 

See  also,  i.   179-182,  220,  295,  343,  3  14,  350,  351, 

354-357,  ii.  324 
Teeth,  result  of  the  experiment  of  Humboldt  rcspeding 

the  phenomenon  o(  setting  the  teeth  on  edge,  i.  278 

Temperatuie.     See  Heat. 
Temples,  experiment  of  the  application  of  galvanism  to, 

i.  403 

TetanoSf  hypothesis  of  Galvani  respedting  the  produc- 
tion of,  -  -  -  i.  400 
application  of  galvanism  to  the  cure  of,                  ii.  456 
Tei/lerian  battery,  t^xpcrmieuis  "w'lih,             -          ii.  10/ 
Theory t  of  Galvani,             -                      -              i.      12,  13 
conclusions  of  Humboldt  respeding,               i.          306 
Reinhold's  review  of  the  diflerent  theories  up  to  the 
commencemtnt  of  the  year  1798  :   (Sec  his  article), 

i.  188 

Volta*s  theory,  opposed  and  refuted,  i,  306,  307,381,  ii.  5 
attempts  oi   Aldini  to  reconcile  it  to  that  oi  Gal- 
vani, -  -  i.  390, 391 
his  theory   respeding    the  operation  of   the  galvanic 

pile,  -  -  ii.  9 

observations  in  opposition  to,  by  Mr.  Nicholson, 

ii.  22 

new  theory  of  Volta  on  that  subjed,  ii.  24 

report  on,  by  a  commission  of  the  French  National 
Institute,  -  -  ii.  38 

•—theory 


yitality ;  tlic  ek^hicity  of  animals  independent 

of  their  vitality,  -  i.  41>384,385 

the  eledtric  flaid  in  certain  cases  the  support  of  vi- 
tality, -  -  i.       43/44 
the  principle  of  life  distindfc  from  the  nervous  prin- 
ciple,               -                        -  i.  175-178 
the  latter  merely  an  appendant  to,  and  shortener  of,' 
life,                   -      .                       -^  i.  iTSrlSl 
researches  of  M.  Sue  on  the  vital  principle,         i.  182 
curious  experiment  by  RfirNHOLD  on  the  vital  force, 

and  the  cfFed  of  the  circuraambient  air,       i.  2l6 

the  vital  force  in  an  animal  essential  to  the  produ6tion 

of  galvanic  phenomena,  -  i.  229 

experiments  by  Tourdes  respcding  the  vitality  of  the 

blood,  -  -  -  i.  64 

by  Valli,  to  determine. the  time  during  which  ani- 
mals can  live  without  nourishment,  i.  54 
experiments  to  revive  animals  killed  by  drowning  or 

by  asphyxia:   {Sgq  aho  AsphyxyJ,  i.      49-51 

on  the  revival  of  birds,  -  i.  299,300 

Volt  A ;  his  experiments,  and  observations,  i.  16, 1 7>9'^'9^>99 

his  theories.     See  Theory, 
Faltaic  pile,  and  lattery.     See  Pile,  and  Battery, 

W 

Water,  its  effe6t  (hot,  or  cold)  in  animal  electricity,  i.  57 

its  use  as  a  condudlor  of  animal  eledtricity,       i.  63 

its  ciFe6t  in  this  character,  on  the  movement  of  the 
galvanic  fluid  in  the  interior  of  the  pile,       ii.  164-170 
influence  of  eledricity  in  the  process  of  the  crystalliza- 
tion  of   water;    and  on  water  in  the  state   of 
ice,  -  -  -  i.  216,217 

in  the  state  of  vapour,  -  i.  217 

different  capacities  of  ice  and  water  to  contain  the  elec- 
tric fluid,  -  -  i.  222,223 
principle  of  the  diffusion  of  air  in  water,  i.  224 
beneficial   effeds  of  the  changes  into  ice    and    va- 
pour,                    -                       -                  i.          274 
its  proportionate  conducing  powers,  to  those  of  me- 
tallic bodies,                 -                  -                 i.          362 
its  degrees  of  expansion  by  heat  at  different  tempera- 
tures,                -                 -                 -           i.  415,416 
Its  resolution  into  oxygen  and  hydrogen  gas  by  the  gal- 
vanic fluid,                •                   -                i.          135 

—  Dccbip- 


^^^^^^^^^p 

m 

VOL 

—  Decomposition  of  water  ;  observations  of  Mr. 

Hbnuy  relative  to  the  petforrnatice  of  this 

process  by  itie  galvanic  pile,          -               ii. 

6a 

t)r.  PmnsTLBT's  opinion  re^pefting,               ii. 

75 

experimenta  of  Dr.  WoLLASTON,         -          ii. 

yi 

process  of,  on  a  new  plan,                   -                 ii. 

127 

ibeory  of  theFrencbpbilosopEiers  respetling,       ii. 

151 

process  of  Mr.  Nicholbo«,                 -               ii. 

378 

of  EicRTER,  and  oihers,                 -                 ii. 

377.m 

of  the  Author,                 -                   -             ii. 

379 

its  decomposilion  by  eleSiicity,                 -           ii. 

3S0 

eliicidaied  in  (he  galvanic  operation,                ii. 

3S2 

detail  of  the  process  of  decomposition,                 ii. 

384 

Dr.    GiBJiEs's    theory  of    the    component    part 

"^ 

water,   .                  -                          -                    ii. 

365        1 

experiment  rcspcfling  the  operation  of  the  two  v 

ires               1 

employed,                    -                  -               ii. 

388       \ 

hypothesis  on  this  aubjed  j  illustrated,             ii. 

387,388 

r                 n^ater-spouls,  phenomena  of,                 -                 ii. 

285-289 

1                   IFillj  experiments  resppfting  the  influence  of  the 

gal- 

1                             vauic  fluid  on  those  parU  of  animals  which  are               1 

t                          not  governed  by  this  faculty,  i.  207-213,  266, 

302-305,        1 

ii.  197 

^^              ffTJiigof  a  fowl,  experiment  on,                   -              i 

(io 

mpltiynient  of,  in  the  decomposivi 
water,  -  -  ii.   376-3S9 

See  also  Deftogration. 
JFood;   its  different  capacity,  as  a  condnflor  of  eleftricity 

or  otherwise,  in  a  moist  and  in  a  dry  state,    ii.  217 

,  in  a  state  of  charcoal :  (See  Ckarcoalj,  ii.  jj^ 

■   properties  of  different  sorts  of  wood  as  materials  for 

charcoal,  -  -  ii,  331 

WoLLASTON,  Dr.  his  experiments  and  inquiries  witb  the 

Voltaic  piTe,  -  -  ii,  86 

Warms,  esperitnents  on  j  earthworms,  i.   145,  n6 

aquatic  worms,  -  -  i.  2^0 


Zinc;  singular  pbenomcn on  rcspcfling  a  bar  of,  observed 

by  Humboldt  in  an  cxperiiuem,  -  j.  273,27* 
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